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'I'llc Prccisioli ?.lultil)r!i~cl Vi.cl,\;cr S'I:udy .i;l,?_s prc;~:lrcd by ,E!le Science Ci7g:i.- 
neexi.ng 1Sx; carc.!~ Grouv Lo~q: I s  I.:;!-icl U;I ilrey:; i.ty , in ncco~d mcc \~i.i:h t! ie 

I. ' 
rec~ui.rc~;telits of I3xhi.l)lt ":\" , Si:;ttc;nc;~~t of ii'orl: for  "P~2cisi.011 :lul ti .- 
band Vic-ricr Stucly", contrac"iNAS 9- 34 89. 

'I'hc Precision :tultil,:u:cl Via~lcr ,  hcrenfter  sefcrrctl to cis I? fir, i;ril 1 bc 
used $or tlic scrce;;in:; alcl precisioil a:l:rl~~sis of nlul Tiilnncl ~>hotogl-a;~lii c 
j1nagc7-y 01) t a j  ncd .i~i t i 1  :,:ul t i1)ancl pIlotographic s)rstens LO I)e tlsetl by the 
NASA. 'lhc: ]';.fir will be ins t a1 led a t  the :blcuinccl S p a c e c r ~ f t  Center zuid 
\ r i l l  be available {or use by the e;~l-tli T C S O I ~ ~ C C S  IISCY nqencies ant1 Prin- 
cipal I ~ l ~ ~ e s t i g a t o ~ - s ,  Tile P,\V \!ill 1)e clesigilccl to  acw-nndate, as possi - 
b i l e  ~nu l t  ibmd imagery obtained rro~il other c m e r a  sysiset:ls . 
The objective of the 1': lir  stud)^ .ims t o  define n_r?d develop design c r i t e r i a  
an3 pre1irnir;a-y spccif i c a t i  011s \.!llich w i l l  clid3le X/iS!i t o  proairc a suitable 
viewer ~ \ r i Z - l l  a ~nini~iluin of dcsii.,ii espense consistent with t!ie desircd aicl 
necessaly leve l  of pel-fonnmcc. '1'0 acconpl is11 t h i s  fie study 1~a.s orgaiized 
jnto nine (3) t,asE;s 3s f o l l o ~ i s  : 

Section 1- Pre1irnirxal-y Study Cr i t e r i a  (rl Pre- 
Registration Conce!? t 

Sectiorl 2-  Prclin~i_lla~.y 1:inclinq.s-"Feasibil i t y  of 
Constructing a l%W to  11a1rUc S t '  ?, 701m 
~~I~otogra j~hy" .  (XMA l e t t e r  , re f .  TIT- 6, G June 1969) 

Section 3- Dc tennine 6 ]:valuate Existing State-  
of - the-Art of 31 1 !,vailnl~le !\,paratus 
6 Teclllliqucs f o r  i4dlie\rinr: Co I or Prc - 
sentat ions fmln !hlitiband Phot.ogr~p11y 

Section 4- Discuss ion of I'roj cct ion 1,cns Cr i t e r i a  f o r  
1'h IV 

Section 5- Proj ec t io r~  Sys tern l k s i g ~ l  Cr i te r ia  
Scction 6- Registl-ation Cr i t e r i a  Error Analysis 
Section 7 - Prcl i~;linal-)~ Speci f ica t ion ,  I?C-321 -S, fo r  I"IV 
Secti.cn 8- Acceptnnce Test Cn1il)ration Spccificatjon, 

RG-321-iYl'S, fo r  P:N 
Section 9 - Conclus ions C, 17econmendat ions 

Sectioris 7 and 8 represent the rccii~ired outputs f ran tlic p!nr stucly i n  
accord3i1ce with the I\brk Staixlnent f o r  C ~ n t r a c t  NAS 9- 91199. Sectioil 2 
reprcscllts tllc prel  iininaqr f i nclini;s in  reslmnsc to  a NI~.SA I e t t e r  request, 
r e f .  T1;-0, dated 6 J w e  1969. Section 9 j>rcscn"i fful"s!rcr discussion, 
approacllcs :nid design zinlyses rcl  n t i n g  to  ilic atl\rantn_e;cs of the 1)re- 
Regis t ra t io i~  Coil~c1,t l r i c f l y  introduced in  Section 1, 

I t  i s  rccoi~i~~nclccl that  f'r~rtller st\tcly bc c ~ i t c l ~ c t  ctl to ftlrtller ma1 l\.zc t l ~ ~  
Pre-iicg is trat jon Cor~cc~tt , a ~ i l  t l i n i  a I,r-cadl)oal-d llioilel l)e coils tr-l~c: clil t o  
deino~~s t raf c tlic fea<;ii) i 1 ity of 111i s eo!~ccj,i, \:.lli t 11 cnli 1,c very r~civnlr? -1::co:!s 
f o r  niul t j l ~ n r i t l  1)iio togrnpliic iinag iir:; sjrs tellis . 



State~ncn t o f '  t he  ~~7-o l~ lem 
--_̂ -l-pl_-__ll______ F 5 g . l . l  

P rc  -Rcgis t rn t ion  Concent -.--_-_--_----- ---.- Figs .1 .2  Tr 1 . 5  

E s t a b l i s h  Feasil>il i t ~ ~  C r i t c r i a  --- ---- - - ' - -  

Functional S u i t a b i l i t y  5 I!scf~~lncss Tahl e 2 -1 

Cost Factors  ----- 
1:eliabi.l i t y  C, ' Ia ir , tainal~i . l i  ty --- 

Ease of' c l jxrat ion ?, Thinan Fact-ors - ---__s_---- 

Training I?cqui r enen t s  F, L o ~ i s t i c s  --- 
S i z e  l'feinllt, P O I : ~ ~  f Coolinn ------ -,--i.L-- - . - J ~ L Z  
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A1'17enJ ix 3 -A P rcc i s  ion  : hl t i l ~ a n d  \ric\:rcr Tklntetl 1)oculnent-s 

S~imninr\r of Proi  cct:ion Lens C r  i t c r i a  

Discrc tc  Plngni f i c a t i o n s  ----- 

Zoom ' laqnif ica t i  ons 

Reso l~ l t  ion  ---- 
PlXlECTION SYST1;'f M 3 I G N  CRITERIA 

1nflue:lce o f  rhrerall. Confi rl-t~rntion 

Pro jec t ion  O i ~ t i c s  Focal 1,enyth -------- Tahlc 5-1  
Fig.  S .  1. 

13iscussibn on Folding the Cbt.ical. Path ----- 
T l  lumination Sys ten Criteria --- -- - 

Liglrt , .  So~i rcc  -- 

i i i  



General 

Image Rol-at-ion (0)  ---- --------- Fig. 6 .2  

Tniaze 1,j near Ilisl?lace:~~cnt (X) --- L------ 

Image Lntcral  !)i snl acel:~ent (Y) --------- ------ 
ITariat ions of Irm~.lt 1'110 to?rnnhv 
---.I------_--- --L-.-̂ -- - Figs ,  6.4?!6.S 

Scale  Irari  a t ions  ( A Z )  
---pa----- 

Angular I:c)tntio~lc?l 1r;trintions o f  %t j cn l  , k c s  
---_---------~_llIpl-OIrm 

'.lirror Considerations 

6. 3. S. 2 Screen (hxs it1 e ra t ions  --------- 
Error  S ~ l ~ s x r y  --- 

6.4.1 Image Rota t ion  I'rror('3) - ---.- ------- 
0.4.2 Tmaxc Linear Disnlacenlent E r m ~ s  (S T, Y) ------- ------- 

6.4.3  Scale  I r a r in t  ions (Z) .------ 

6.4.4 (+ti c n l  !\xis Irnriat i  nns - ------ -- ---- 



7 . 2 .  I .A,~w1 j cab I c ! hcr !I~I(>I? t 5 ----- -- -- -- 

7 ; 3 . 2 . 3  !,later i a l  s ----- 

7 . 3 ' 3 . 4  Coo 1 illq -- 

7 .3 .3 .S  1I~nna-11 Factors ------- 



7 . 3 . 4 . 2  Disnl a\. F, Control  Su11s~st:c-n 

J:ilm T r a n s p o r t  Su! )sys tc:n -------- 
P r c c i s j  on Scyi s t r a t i  on Su:?systcm --- -- - 

Pro j e c t i  on Ont ics subsystem -------- ---- 
Cool i-nq --- Sul~syc; tcni 

Image 2ecordinq Sul>systern ------- 

S t r u c t u r a l  Sanpo~:t Sul~sys tern --------.------------ 

7.4 Qua l i ty  Assl~rnrlce - T'rovi s i ons ------ 

7.4.2 hlcchnnical 6 1: lec t r ica l  Tnsnections ---- 

7.4.4 Tes t  P l . a~ l  

7.4.4.1 J < e g i s t r a t i ~ n / ~ e s o l u t i o n  'Ses t 

Temper a t u r  c J ? i  s e Tcs t -.-- --- 
Atldio Noise 'I'est - -------- 

1:elial)j I i ty / ' fn in ta jnabi  I i t v  'Test 
- - - -_ I -  ld 

Prepcirat j on For Pel i \ rc~-y  ---------- 
General 



7.6 .5  l'rog r a n  1'1 an -"----- 

7.6.6 Final  Rcpor t --- . -  

scopc --- 
Scope 

Acceptaice Test PI-occth~re F, Tcst P l a n  - --------- - 
8.1.4 Test Subject Traininc C Test ' In ter id  

8.2 Pre-Test Pro~risjons 

Ex-aslination f; Jnsncct j ons --- 
Wcrnt.j.ng T h e  
i----- 

Fi l t c r  linvclcn~l-11 6 Trans~fij  ssion Cal i1)ration -- ------.- ------- 

Pro j ection Lcns Cal j ],~at j on ---------- 

Test  0l)jccl-j;.cs f, P e r  fol-;iln:~cc Cri trri n ---------------------- 

Tcs t 9b j cctivci; - 



Test Tmnl c.:lcn tat ion 1'1 311 --- ----- ------ 

1:val.tinti.on o-f 'J'cst Pesrrl ts --.----- -.---.---.-- 

P r c - l l e ~ i s t r n t  ion oT Films f o r  ITse in '1111 ti - -- _-.-- -_-_ *-.-_- I ---I---- - ----.- 

Recis trat.i.on Procedures ---- -e- 

Reco~nr~lenclccl Tlc c i s  t rat ion 'I'cchnifl~ics -- ----- -----. - 

IJser Techniauc fo r  P,ev.-i.c;tr~"Lio~~ of S C ~ ~ I - R ~ C  --- ---- 
Posit ives Fig.D.2 

Filr11 1 )uq l  i cat ion -- --- 

9.1.5.4 Cocc1ilsi ons f, l?cco1-i"~;?nt?:1 tio~:.s .-----.- .- - - --. - - ---- 



Direct T'l ottincr n t  Proicctnr Screen 



9489 'for Tlart3 Oi)scr\rnti~~:s ilivisli.nn, N.SA/'F;C:, (l:ry,~ T,. I<r;us , 'i'ecl~nj cnl 

t i v c  is t o  di?Ci;le all1 cle\rcl on ~1es i yn c r i t e r i a  ant7 prclil1S1:a-ry spcei r-i c a -  

t ions ivllicll 1,:j.l.l ena l~ lc  >,MSA t o  procltre a s t ~ i t a l ~ l c  vi.ei<~cr ~ , ~ i t ! l  a mini- 

rllun of dcs j grl ey7cl:se co~lsi  s.tent r v i t l l  t hc  dcsi scd mil neccssxqy lcvcl 

1 . 2  Pl-clrir~inrir:~ - L - - z  Stlidv ------ Cr i t e r i a  

Figure 1 . 2 sllo:.:s the F ~ m c t i o n d  FI.c~~;r-l>ia~r;u:! of t?le Pre-1ie~i.stra- 

ti011 Concept rd~cl-cin i t is  cons i c! e:-zd t?mt  the  b,u; i c  ~ r o ? > l  em o r  171-cci.sel;z 

reg is  te r ing  tile four  1 ~ ~ 1 1  tibancl inla:cs, a t  t h e i r  s y c i f  icd l o c a t i o ; ~ ~ ,  js 

not accozlplis~lcd i l l  the Irie\;rer bxt i l l  a sc!mrnte llig!l 13reci sion nroj cc- 

tioil l ~ r i r l t  in? devi ce Iiavi11~ 31 adj us trthlc i-il:n gate. The rcgis  t r a t ion  

w i l l  be accolq~lisJled by ~ u ~ s k i l l c d  personnel, tllrougll the use oE eas i ly  

handled and ~mders  toot1 a1 i z~z.;l.cllt adjus t i n 2  nedlanislqs ?nc1 controls,  

After the inage co~i ten t  o f  each f i lm frcme has been adjusted and re,yi.s- 

tercd t o  tile r e t i c l e s  of the ~upe~imposccl image, it i s  recorc!ed i n  i t s  
1 

exactly dcsi ~ . c d  locatiori on the c l ~ ~ ~ ~ l i c a t i n ~  ;Ci l n l  r o l l .  

' 1 7 ~  prc- regis t ra t ion  can I)c accoi.lp1 isheil as s?lo:\~n i l l  FiLyre 1. 3 ,  

acljustnble r c t i c l c s .  Jkpcnding unon t ? ~ c  su!,jcct ~ n n t t e r  of tllc film 

frcuncs , sc l cc t  a1~1 ideri t i  fy at- l e a s t  f o ~ r r  s i q n i  f i cnn t  hej- r o i n t ~  aliil 









]'at11 ;mtl f i  1.1~1 franie li 2 is 771'(7j ectc:!, n d j ~ ~ s  tctl ~lnr! ~ l j  j.,:re%! ~ , ~ r t i ?  " i~e  r;nne 

signj.ficant kc)? points , o f  t h i s .  seco11~1 simi.l.ar lut slxctt.:~J 1.v tli.fFercnt pi ecc 

T11i.s proceilure is  re~~eatcc l  for  filln rramcs lf.3 ant! !/4. The s inyle  !~igllly 

prec ise  ar:d vcrsati lc! f i l n  gate  has nrovision $01- casi1;r co!1trollcc! Y, ' r  and 

O ~ m t i o n s  of the f i  l l n  f~-rmlc, tilt c11m::ing d i s to r t ion  rmoval, o r  i f  ncederl, 

var iahle  scale  cl la~~ging.  A.it~:~latic emosnrc contrc)l t d . l l  I x  prov~.deil s o  

tha t  the easi ly  rc:moval~lc r o l l  filln cnqscttc v i t h  cach la tcnt  i~inge c:xactl;r 

locatccl, can 1)e readily processcd. l?lc four ~ n ~ ~ l t i l ~ ~ ~ ~ c l  70 :nlI x 1 r ) O  f t .  f i lm 

r o l l s  a rc  r;~o~ultec! 011 a car r i  a3e 151hi.d1 indexes tach f i?r;l rol I on t o  tllc 

s ingle  opt ica l  projectiorr sys tcn ' s  axis.  I'.ach franc, of cac?l f i lm r o l l ,  

would occupy t!le s m e  locat ion on the 9 1/2" wiclc cut filin whi.c!l contains 

a set  of 4-71) nun images, one for  each ro l l .  

I t  is contemplated t h t  the auxi l i  a q r  da t a ,  corre! ated fro? othcr  

sensors arlrl acquisit ion systelis, \ . r i l l  bc 519ut a t  Ihe processing su~b-systc~n 

as s?lo:~rn i n  Figure 1 . 2 .  Since t h e  input fi1.n is snecifier! as a posi t ive 

material, the 9 1 / 2  inch wicle e s t a r  base duplicatinrr film has  bcen speci- 

fie3 as 33-239, a rcvcrsal f i l r~ i ,  .so tha t  pos i t i \~cs  wil l  he  ~ncltle av;lilahle 

t o  the f ibi vi c?!.i.crs ~ i r j  tliout any s~tbscqucnt operations . Tn the event tha t  

the k_rll>~rt film j s negative, thcn 2430 e s t a r  d~lp l ica t inp  I ' i ln l  c m  be U.C;CC!. 

The prc-rczis t l -a t ion C O I I C C ~ ~  is itiertl l y  sui f ctl f o r  t ? ~  ~ i t i l i z n t i n n  of t ~ s o  

types of n~ulti l~:~ntl  viewers ,  as s!\olm i n  Fixprc 1 , 2. '!'he 01) j cct-ives of' "screen- 

ing" an2 "pr-cci s ion analys Ss" x ~ c  hcst ser-vrcl by sel3nrntc dcviccs t.a"rt.~r + ! 1  IP 

cornltining tllc f l l r i c t i~ns  rcq~tircc! fo r  these c1irTcri:nt o!~jectivc:; in  one par- 

t icular  tlcs i,c!nccl i~t11 t:il~ani? v i cr:ler. 



The p u r p ~ s e  of this ir-nres t i g a t  ion was t o  d c'ce;l?L.ne tile feasibj  lily 

of constnrcting a viewer t o  h31idlc 5 inch -- ancl 71) 1 ~ ~ 1 1  h~imc ~~ll l l t i l~f~i id 

pliotograplly, a s  per pzragraph 2 of RA7A l e t t c r ,  rci. TF 6 ,  dated June 

6, 1969. A discussjon on the tccllnic~ues and prohlri.s illvolved i n  dz- 

signing such a viewer is given. 

The i w e s  t iga t ion  was conducted within t ~ o  basic phases . In phase 

A, the f c n s i b i l i t y  c r i t e r i a  and techniques fo r  eval3x:irq th i s  cr i t c r i a  

F,* es:lsblishcd, I In  phase R ,  tlic f e a s i b i l i t y  a~ialysis  was concuctcd 

and attempts f o r  performing quant i ta t ive,  a s  \,?ell as ~ ~ ~ l u a l i t a t i v e ,  analysis 

a r e  presented and discussed . 

2 , 2, FEASIBILITY APPRO'4CI I - 

In establislling c r i t e r i a  for  f e a s i b i l i t y  and tcchiiques f o r  e v i l -  

uating these c r i t e r i a  n~my considelations come t o  ~nind. Some of these 

considerations, such as;  r z r i l l  it work?, r i i l l  it bc wefu l? ,  a r e  d i f f i -  

cul*t t o  quant i t ize  . Other considcrations such as cost, s ize ,  \ieij:l~t, 

power, e tc  . , can be more q~lrrntitati\rely dete-mined ,l~n...!e~rel-, a r e  not 

s igni f icant  by tllcssclves unless appropriate t?ieigl~ting fac tors f t  are 

appl j ed , 

Prior study ac"rj\iity 1x3s been d i n x t e d  tortard stxidying the s t a t e -  

o $ ~ i l l e - a ~ - t  of 31 1 avaj 1 a131 e zpp;>rn tins and i ccl\nic{~rtis f o r  nc'l~iowi~y; (-01 or 



coloi- v j  cwcrs ha\ring ~ I I ~ Y L Y  x r a r  ieil cl ~;t,racterj 5; tics and cles j gn ci" j "lcria . 
Feasibi-l i f y  can not be dei er?ilinccl by ITOVJ rig v2rc tllcr j t v!i 11- work 

o r  not. Other fac tors  must be entered into the czralx~o %ion znd the s i g -  

nificance of a l l  tlzc%se c r i t e r i a  nlnstbe assesscd and relawed t o  the spc- 

c i f i c  o!~ j ectives . Since the spcc i f i c  obj ectj-ves thet??sc;Pves a r e  not so 

clcrrrly defined, and m y  bven change s igni f icant ly  wit11 time, PI a t t c n ~ ~ t  

was mctde t o  corlduct t h i s  investigation i n  an orderly and objective fashion 

so tha t  the data  cle\rcloped and presented will s t i l l .  be  valuable and uscqul 

even \ r l i t l ~  cI1angi.11g 01) j ectives . 
Since "feasibi l i ty"  was the pr jnle basis of th i s  irlvestigation, it 

folk or?^ tbt heavy cmphasis will be placed upon what is meant by f eas i -  

b i l i t y ,  Feas ib i l i ty ,  f o r  t h i s  investigation, must r e l a t e  t o  Tore than 

t h e  qi~al.i"cy of jus t  being possible,  I t  must place Iilore enphasis upon 

rac t iczbi l  i t y  . Since t h i s  too might be defined d i f f e ren t ly  by dif'fcrent 1)-- 

individuals,  t h i s  irlves t iga t ion  1i1il4. discuss and exyla i n  each criteer ion 

selected t o  avoid possible confusion o r  perhaps an unscient i f ic  evaluati.on. 

2.3 . FSrrmLISI-I FW\S I13 lL l r lY  CRITERIA 

Some of the more pert inent  f e a s i b i l i t y  c r i t e r i a  a r e  presentecl below: 

-Functional su i t ab i l  i t y  and usefulrlcss 

-PcrForrmnce eapabil i ty 

-Versatility and f l e x i b i l i t y  



- CBS *L fa c ec~r:; 

- 1  1 i 1, 

-bl_i iiltajriribil i t y  

-Ease of o p e ~ a t i o n  and I l~a~~sn  factors 

-Training r cquiruncnts 

-Logistics 

-Size and weight 

-Powcr and cool j rig 

'Ille ordcr of presentat ion does not rlccessarily r e l a t c  t o  the  l eve l  of  

importance. 

2.3.1 l37imctional S\zitabil?.ty -- and IJscfr~lness 

The functional s u i t a b i l i  ty and usefulness is the most sjgnificcmt 

of a l l  the  f m s i b i l i t y  c r i t e r i a .  In ordcr t o  effeEtively evaluate t h i s  

most s ign i f  i o a i t  rcqujiren~ent, a thorough howlcdge of a l l  the  "Ilser ')s" 

needs a r e  required. Since t h i s  is not r ead i ly  avai lable ,  consideration 

can be given t o  some of the  more typjcal  and generalized fac to r s  a f fec t ing  

project ion vieriring equipment of t h i s  nat.ure. 

Does the addi t ional  capabi l i ty  of l~andl ing 5 inch f i l m ,  a s  well a s  

70 nml, help o r  llinder the  photo in te rpre te r  i n  his  primary task s f  ex- 

t r ac t ing  infonnation froin the inul tibnnd imagery? I t r i l l  t he  l a rge r  E o r n ~ t  

reduce the sca~zrling time f o r  searching the f i lm r o l l ?  Is r eg i s t r a t i on  

o f  the  super%nposecI imagery more prec ise  o r  ea s i e r  t o  obtain? Is the 

resolut ion of the liliage-r)l s u f f i c i c ~ ~ t l y  bcttc-i" and more u s e f ~ ~ l  t o  the 

in teqxctcu  i n  pelf onrijng h i s  anal_ys is? li%a"carc the ad\rztntages i n  il - 

lrrnlinrttiom~ and eontroP of i l l n m j n z t i o r ~ ?  Is the i 1lu:rlinntion just a s  



sideration 3rd a lnclns for conp:tr ing  thci,e cuiterj  n.  
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sys te~ns of the  two vio~el-s  to  per- rorn i n  accoi-cl;~nce i:.i"tl-~ " r~c i  r spcci- 

f ied des ign cr i tca- ja ,  I h a t  i s ,  1~11at is tine cnl-,sl,jlj^2j~ o C  the 70;riin lric\irer, 

or  the 5 inch and ~GFIIL V i ~ i e r ,  t o  repearably provide it's sneciTicd r e -  

so lu t ion  v-dtre of  150 l ines  per r l a t i ? ,  of '$0 foot-laynt,eyls, ? 10  %?, 

e t c .  It does no t  r e fe r  to  the ? . I T B F ' " ~ ~  the P,eliabiliCq Cnsiterj.a. 

2.3.3 Versahjli t y  and F lcx jb i l i t y  ---- 

This c r i t e r i a  r e fe r s  to  tElc a b i l i t y  of each specif ic  Viewer t o  

acco~r~iloda te ~ilod ilia tions , changes and up& t i n e  fo r  filtu.re growth or 

, capacity, T t  reaches in to  the fbtxrre r?ihesc it r,iould bc expected t h a t  

greater  functional perfor~fiance ivvnld bc imposed on Tjsecision blil2"cjhand 

Viewers as the technoloky advances . 131~3 exact nzture of tliesc expccf ed 
I 

changes can not be s t a t ed  a t  t h i s  "cne and spceul ative coslsideratiorls 

can not be reasonably esaluated, IIol\lever, dle caipal~ility f o r  this c r i -  

te$ia can be evaluated on the basis  of k~;no~\rleclgeal~le projectdon vie~$~c.r 

design c o n ~ i d e ~ a t i o l l s  and t h i s  factor  can be applied i n  the ~ e s u l ~ r ~ t  

decision making matrix. 

2.3.4 Cost Factors 

n 112 the r ea l  prac t ica l  .c:~rPd we l i v e  in ,  the cost fac tors  a r e  under- 

U lying allnost eve-ry pertinentdeccjsion .r*:,le r~nlte, Tjie c r i t e r i a  of cost 

i-a presents a simple iumericAl teclmiqrre f o r  arly feasibility dctcrrnin::"cion, 
b 

'I'lle e11iph:is'ss placed u p n  t h J s  cri?eria rrrus-t a1 so 7 ci-3 cci- the CUITCII~  



eciir~r),n.Sc co:-ic1-i iio;:,; \:l~ir.'i~ ex iC i t  ;I? r h c  q , , :~ - i j c i r l~ i r  1 i * , ?be ~ p p i  i c  ~i  it-!^ 

of 8ppi";Gp'; i :it@ "i:cil;i'i; il:jj f t ~  L~:)'st' pe3:rtit LIkSs cp!;l?,i i . -i l v c  cy i  L L I " ~  a 

t o  be applied and related t o  "cccltnicxl. crit-eria. 

In addjtiorl "L the d i r e s t  cos ts  asso:>i,ated \;t.i"iir :':re spceiPtc 

viewing i~ ls l runent ,  other  meanirlgful- cos t  data  sl~oulcl l ic  accotmtecl fo r  ; 

f o r  exarcplc: 

-cost of t ra ining 

-cost of replaceable and spare 13ar-t.s 

-cost of r ~ ~ i n t c n n n c e  and support e f f o r t  aver 

some typ ica l  v ie i ing  instnuaent 3 i ce  span. 

lhe r e l i a b i l i t y  and maintainabili ty c r i t e r i a  are ref lected by the 

r e l a t i v e  degree of simplicity o r  co~nplexity p e ~ t i n c ~ l t  to  t h e  two v i m e r s ,  

IIo\iever, it should bc noted t h a t a  ari.cder .tvith a high maintainabili ty 

\ au ld  geneizlly ~ m t  rcquirc a high re1  i a b i l i t y  . The c r i t e r i a  evc~luation 

should a l so  consider t h a t  both viewers have s ilnilar design c r i t e r i a .  

'Illat i s ,  they -- both should have r ~ ~ n \ ~ a l  over-rides fo r  a motorized f ihl 

transport  design. The deteamin~atiorl of TfJ'RT; and ]?~"iI"~Tc:tj~rovicl e easy re]. - 
a t i v e  quant i ta t ive ass essrncnt of these f eas ib l i ty  c r i t e r i a .  

2 3.6 Easc of Operation G Ihunan Ftrcto-rs 

Fizsc of operation and 21~11-ilan fac tors  arc perhaps the nictstssuhject-ive 

and rnost disputable criteria upon \ill ich t o  1nr;e an earr,l uation, s i nee 

they aa"~ SO s tmng ly  i n f l u ~ ~ ~ c e d  by personla1 preji~dicc,  Yet, tfiw a r c  

i~nIcl1owin:;4 y s t rong i nf2.rrcjnces 3 n forlnl ing t he  basis  o f  rdheiller or n o t  

( ~ ~ c n n  t il ic l o  rcrxti r j  



t11e ~ I I \ ~ I - L I  f L t - , 1 t  "i:i 11 \vc~.c!.' ' or be ;I:;C f"U1 511 YIC c,ti~~g, i r 'z { U J I C ~ ~ C > ~ J ~ Y  [)I- 

. . . < -  even in~ st~? : tr_r I!:: i "c.'~ s l ~ i : ~  i i c:t j ~ z r j r c , :  I ? ~ ~ ~ I C C L  'I?-lc S i ,  fc:i81 iry of rY ir: 

Inzny control functions fo r  tlles e p a r t  ria11n-r types of ?_;cjj cc t ion  vi cv:ers, 

with a l l  tlieix riiicro.l~ct?-ic prec,js ion ad justrilents and c~;pndccl d jmning 

control s ,  indic;.tc t h a t  t h i s  c r i t c r i  a must I - i r i~e  s t ro~: ;  val-uc i n  the 

overal l  eiraluation . 

2 . 3 . 7  ----- Tmining - Ilecj~fien~cnts (', Logistics -.-.=..------ 

Tra-ining and Logis t i c s  r e l a t c  t o  the avail a b i l i t y  of nmterials 

and personnel. llle readiness with whicll many viewer p2i-a szy be made 

avai lable  frxm inventoty and the ava i l ab i l i t y  of trsi:?ecl opcrtors arid 

maintenance personnel a r e  extremely imprtan'c. The degree of cmipl 'xity 

exhibited by a viev~ex. determines t?le leve l  of training required f o r  i ts  

use. These considerations a r e  evidently irlvolved wi t h  l e s s  s i g n i f i ~ m t  

c r i t e r i a  and sllould be weightd accordingly. 

2.3.8 Size,  Weight, Po:.;er and Coolin2 - -- 

The signif icance of these c r i t e r i a  is a lso  gove~-ned by the spcc i f i c  

objectives of the  users .  For t h i s  investigation, it was assuned tlmt 

there a r c  no exacting rcquirments  such as  involving s imilar  ~[>lloto in -  

t e r p r e t a t i o ~ ~  equipment used f o r  defense a c t j v i t i e s .  Jlo~ilever, the equip- 

ment might s t i l l  have to f i t  tl~rough doonuays and be r ied  i n  f a c i l i t i e s  

having l i g h t  f loor  loading, l imiteci p v e r  3 r d  cooling capbil-  i t i c s  , 



F i q ~ ~ r c  ? -  1 i * ; i t11 th? )j71-c)~n*i :>tc :IWJI i (-a! j o i ~  t x  i !?'>I : ~ l ~ f   tors l i , ~ c , ~ d  

r q x x i  t t ~ c  s;scc if ic:  n l) jc%ct ivrc, 2nd rrq~ii l-c\; l?n: <; 0 f i 1 ; ~  iir;crq, qi:nn"r i int i ivc 

values can be ap;?licil t o  fonilulate an cffcctive dec is ion a s  1-0 t h e  rcasi - 

b i l i t j l  of corlstlrlctin,?- n viewer t o  113ndle.both 5 iilch a11,I 701.~n1 film. 





The Ixlr-pose of rcviewi~lg ex is t ing  s t a te -of  - the- 2at apparatus alcl 

tecllniques Tor acllicving col or prescntat io~ls  f rorn mu1 t iband 13110 tograpfly 

is t o  cle"Len~iinc those functj-011s and ~~arametc r s  best  suited to  the ob- 

ject ives  of the PhW, as descri l~ed 51 the work statclncnt f o r  contract 

M 9 -  9489, In t h i s  review we have el iminated those r u l t i b a n d  o r  ~ n ~ ~ l t i -  

spectral. applications izkicll (lid not  have the objective of acllieving 

additivc color presentatiolas, such as the nine lcns S ~ S ~ C R I  ddceloped 

by I tek .  lVc have also reviclg~ed t l ~ c  re la ted  tc'c!~nj.que of tllc n ~ ~ d t i p l e  

Image/Co l o r  Retricval Vicwer-Printer of Tecl~nic~J- Operations but he1  i c\ic 

it has rcsoluiion lirai t r~ t ions  aid considerc.c! its optical ~ ~ ~ l t i p l e x i n z  

tecllniq~le a s  not being com;7atil>lc with olir ob jcc t i~ les ,  

'Ill~ r e su l t s  obtai.~;ed fro111 a tllorough study of available acldi t i v c  

color  viewers is tabulated 21 Table 3-1. This table  conpares t!;c pq- 

ramcters and  design c r i t e r i a  rd1id.l define th is  type of cquil31xcnt, The 

da t a  was glc:uled i rox  tccIulic,d repor ts ,  nianuals and halldbooks amd spcci-  

f i c a t  ions as r e f  ere~lced in  Appei~tli x A,  The \ric~:.c-r- j~asrunc t e n  cn~uiiera t cd 

weye sclected t o  provide conq)~.chcns ivc corrcl ated datn f o r  compnrisnn 

so LIlat tlrc 13;\ll' cicsi grt eritcria , rcstil Ling froin tlxe st:ril)r  811tf :rllaly; i s , 

can l,e more readily evalrlatectl, 'J'af'le 3-  3 tlocs not iirlc1t:tlc: n l  l tlctr?i l t ie- 





i c lx  i j  s j. 1 .  fi.1- da[i:?j l;fi tlii; ; :  1 : +  i tl:~ 

fUIIct  j a h  tlic SJ:lccifi.::ai;~.i);a, :; j i>c:c t ] - !c>  J .. ~ ~ , ~ , ~ ~ ~ ~ ~ ~ ~  of ";:: ,';: i.-! iij>] cTt  :;j>;j;;~;l i:kls 

-7 - . 
aJIJ t ~ ~ : j ~ ; l - j  c;i;(%.s i.j;>;fi 1 .; i .A ;!; ~.&jj-  ~ 0 1  01- $ j .~ i%~. i~~g  1.ij:;it '1';li)I.~ . I -  .L 11.n -- 

clucled the IJSAIXL .hlul t i.b ancl A d d l t i v  e Color \T~.CIJCS s jscc.if i . ~ ?  tj.011 since 

ellis repc.s!:nts n p;&ce of cquj.p~~x!ilt prcsent:ly under c';~,;ctlopncnt 1,). Pllilco-- 

Ford. 

A s  S I I G J ; ~  i n  rj':il~l e 3- 1 , t k  Fol101:ring l.'ic\~ser Pcirar!~cttcrs v:erc s el-ec-tcd : 

A- I\fag~lif i ca t i . o~~- fac t~ors  o r  range p'rovi.dcd pri-IXX-ily by pro- --.--- ,--- 

j ect ion of the spectral, images w i d ~  addit-i.onxl m:+~~lifica- 

B- Nul~~bci- of Chmnels Film S i z e  : u ~ !  C:ipaciz- nmnber of spectral  __-> p*p__l(_sDIrm-.---- 

images to  be precisely rcgis  tcrcd arid S ~ ~ S L Y ~ ~ O S C ~  ; the v~i t l t l~  

and 1engt.h of roll film f o m a t s  accc~inlodatcc!. 

C- Fill11 Gate (Format) - s i z e  of psoj cc-Lion gate to specify coverage 

fo r  opt ics  

D- Film Flatten i-ng- spec i f ics  fculction f o r  evolving de ta i l  des l'gn - 

a ~ a l y s  t r e  Iilm1an exlginccrjng d i  splay c r i t c r i n  uld interface 

w i d 1  screen l>r ighhless , nagnif icaf:io:2. f onnat specificatii.ons 

F- Resolut-ion- d e f i ~ e s  expcctcd qua1 i t y  of system output e i ther  

a t  the screen o r  what i11put (sllort conjugate) c a p n b i l i t y  is  

outputted. 

G -  - I<c~;is t r n t  -- j on- associ a tcd r q j  t h  resol~ttioii j 11. relat i-ng to the 



J- Tr;lay,c 1'0s i t  i.o~liil,r:- precisiorl mcdiani.sm proi;ided to  f a c i l i  t a t e  -- ---. 

reg is trati.on. 

K-  I'ro j ect ion Lenses - clef i ncs focal  leng'cli and nl7ci-turc a5 re -  -- ---- -- 
lated 1-0 i~l terfaci l lg  wi t h  o t h e ~  sub- systcnls aid relat i \ re  effect. 

on rcsol ution, brigl~t.ncss, a \ la j lab i l i ty ,  s i ze ,  weight, e tc .  

L-  Fi.1 m Llri \re ancl Foo tn~e  Counter- irldicatcs exqxxted f ~ ~ n c t i o n  ------- - 
and usage of vielw- r e l a t ive  to  its case of c ~ e r a t i o n  and 

E\I- I?cprocluc"ij.on- --- type and capabil i. ty 

N- Po:irer Required- type and ar,:ount of pwcr  needed. ----- 
O- Size and Y!ei glit- defines plrysical parameters. --- 

P- shi_ecial Features- l i s ts  kllose additional in~portant f ~ ~ n c t i o n a l  - -- 
features  corlsidereci s igni f icant .  

The tabulation of data  i n  Table 3-1, f o r  thc various !>arametel-s 

entrm'er:ttcd above, 15~0uld provide the caprtl~il i t y  f o r  a rapid and concise 

parametcric coinparison, r e l a t ive  to  the s t a t e  -of- the-ar t ,  i f  tlicre tias 

I I I O ~ C  available ecpipment i n  the "present" s t a t e -o f - the -a r t ,  Tal~lcs 3-  2 

throu;c;ll 3-  5 i l  l t ~ s  t m t e  1io:r cffcctiive tlli s ty1;c o f  coillpnr-j son c2n bcr. 1:1lc11 

suf f i  cieilt data  is z~vail abl e ,  as i n  the case of s t;urdard rear  puoi ect ion 

vi.ci~rcrs I~nving m i l l t i i p l c  ~ i l n g n i f j  c a t i  011s. Another- p r t j  jwnt f ac to r  -to 
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cons i t l r~r  js t11 v a l r d ; f j J  o f  t1;c ri;~"ri, os. ;?\ , , o l l : ~ i  nccir,  , ,>r of iilc c , t c i t r ~ c 1  

pa~=zr~;: t~~ :,  pa^ t i c  L J . ~ : ~ I  2y \ ~ i  tl: r ~ ~ p ~ c t  t13 tlAg:e of ~ r : ; o l ~ ~ t  ~ Q ; I  X - C R ~  :;t !-zlic;np 

brigllt~icss,  ease of ope!-ation, r c l i a l ~ i l  i t y ,  c tc .  I'or al>solute evnl113tion, 

equipmall t e s t  dsta slioulcl be prvvitlrtl hmic.ver, tllis w e  izc 1:ccorncs 

in~practicril. ' ~ l ~ e r c f o r e  , we can draw 11p311 re levai~t  expel iencc and expcrtisc 

to  apply appropriate w c j  ghting factors  so  tha t  a r e a l  is t i  c evaluation 

can be made. 

3.3 .1 hlajy~ i f i c a t  ion aild Film 120nL?a.t 
----2̂ ---- 

As can be seen from the four exis t ing viev~ers tabulated in Table 

i 3-1, mag~~ificatiolzs rrulgi.ng from 2X to 220X (+ 3 X  a?.ixil i ary 11in2ni f ie~:) 11ave 

been specified f o r  t1li.s primary pnrancter. 'I%c number of d is  cl-etc r n 3  - 

nif icat ion.  steps vaqr  from one to  three f o r  the b a s i c  pl-ojected images. 

1nhcren.I: with mngnif icjt iorl  considerations is the f i l ~  fonnat or s i ze  

of the input imagery a ~ d  its sca le ,  The input imagery forniat ranges 

from 1" S;1" t o  4 1 /2"  X 4 1/2".  

'Ilre resolat ion/rcgistrat ion capabilIt i  es of the v ic~t~ers  are d i -  

r e c t l y  rclated to  t h e i r  opt ica l  coverage ( a l l  otllcr t l~ ings  such as lens 

focal lcngt11, s to r t ion ,  cal ibrat ion,  niatching, align-,z;~t, c tc .  , being 

considered equal) so  tha t  the smaller the im;lgery for~;.?t u t i l i zed ,  the 

greater  will be the o l t t p t  q l d  i ly, 'l'11e L I I C O S F ~ ~  call)- hest pcrfomalce 

~ioulcl 1x2 obtsined \t7i 4 11 extremely small 5or1:lats and largcs t fccnl 

lengt l~s ~?i : ic l~  cnn 1)e practically real izeil, 'I'his most cri t i  cal j)nr~r, ieter,  

\.:llidl r-cprcse?;lt.; tile cf f cctiveness of the CI) t i  r e  ;?pj?:i~ z i t i ?  211d T C ~  ; i t ( ~ l  



tc~jil:ic~!i~::;, can not lie effec?:i.:~-ol~r trc+:i"id i l i r ~ c ' i l  1-1li:i-c ::;is 1'0 ol?jnct.i~,!: 

a ~ l d  ~ ~ ~ 7 : 1 l - ~ . ~ a l  l'Cs?.jll:; Crit(-:T; :L ~ < { : l : i l ~ . ~  ::.]>;?lj t.0 i l l ] .  f 0 . ; :~  'L:~.c',~:c:?''s 

'l'his. is tile one vic:i~c-1; par~;nc.tcr \.:hich is  ~ i ~ o s t  suspect a-lc! d i f f i c u l t  

t o  absolutely define. The v'diciit:y of the da t a  cxl  be questionctl 

the val-iations w i t d l  ~;rlli.cli resolution/re~;istra,"con can bc clefi~led anci 

sl>ecificd, such as "011- axis" , "ninirn~rrn" o r  "an)v~llere i n  t . 1 ~  fomat" ,  

llAliT~Vi", o r  "o~l-axis v ! i t h p e r  cent f a l l - o f f  i n  corners". Another 

s igni f icant  var iable  ox- not too rirell clef ined term, i:; ,the contrast  

of the input matcr ial. or  t e s t  ta rge t .  'I'llis is  nlost; frequently re -  

l a t e d  t o  as 1li.gI1, rncdi~xn o r  l o ; ~  contrast  ,and again, there is not st3.n- 

darcliz&l meals f o r  hand1 ing t h i s  decr i p  t o r  of the parane t e r .  

The nlos t accurate method f o r  clef inin8 the perf ornn~lce of the elenients of 

a systelil is by re la t ing  to  i t s  n~otlulatio~l t ransfer  f~inct ion (hTF) bu t  

here the additional complexity i n  making tllese bfTF determiTlntio~ls h w e  

l imited its u t i l i za t ion .  In the f i n a l  analysis tllez-e is the additional 

c r i t e r i a  thrtt rcsolu t ion (no matter Ilow spcci fied) does not compl.etely 

define the qual i ty  of contin~ious tone photography. 'I'here is the Ilard 

t o  def illc d is t inc t ion  of acutance ~dli'ch ccm be indepenclant of resolution , 

3 . 3 . 3  Evaluation Sur;nnary 

1Vhen the ovcral- 1 cons idera t ions f o r  the P?,N are correlated wi th  

the objectives defined i n  the ~~~~~~k s tatcincllt i t I>cco!~?cs apparent Ex-an 

the co~ipal-isors prcscnted by Table 3 1 t l i n  t x very useful  n i ~ r l  f 1 c s i l ~ l r ~  

Precis j on hfult illand Vic\ccl- crvl be desi jinctl a]-ound off  - r hc -she1 i: Ii;',~-tli\r;:~i':: 

ancl us ing techniques \:lli~!l are \ : ' i t I l j ~ ~  the currcn t s t  at e-of'- the -a]-"i, 

I t  can  SO 1 > ~  reatlily seen tlxit tli:: pal-rinieters specifictl for  tlic :\',4S,E\ 



apparatus ant1 . "ceclu~iques . 



1, Co 1 o r I ~s~r>~~1~tion~n$>nJ~&<q~~J_2_~j~~z 

(Add j. t i v e  Col o r  '\Ti c\\-c r - I' r j n  a) 

Air 1701-ce Av ioni.cs Laboratory 

A i r  Forcc Sys t c m  Com11:11d 

\ \ l r i g l l t - - P a t t e r s o ~ ~  A i r  Forcc Base, Ohio 

1317 I t e k  C o q .  under 16AF Contract 120. AF33(615) -1.037 

2. Addi t ive  Color Vic\17er 

IIandbook o f  Oj~era t ion  and ).laiiltenmce Ins t ruc t ions  f o r  Additive Color 

Viewer. 

Unclassif i cd  Report M30(602) 3224, 1 Apri l  1964 

Prepared ~ m d c r  t h e  spolzsorship o f  

Rome A i r  Deve 1op111cnt Center ,  AlIDC:, USAF 

G r i f f i s s  Air Force Base, New York 

11y Gianrlini S c i e n t i f i c  Gorp. , Santa  h a ,  C a l i f o r n i a  

3. l ih i l . t iba~d Additive Color Viewer - --- 
USALTJ, IV~-l!,t2I;02 -69 -4-3356 ' 

Ikpartment of tlre Al-iny 

U. S. Am~y ' l 'opgraphi  c Conm~a~lcl, Corps of 1;11gi1rccrs 

l3ngi11ecl: 'I'ojmgrap!lic J ,abornlorics  

Fort !k l \ ro i r ,  VFrgi1:i:r 22060 



Contract No. DAN(02-70-C-0145 

Corltractor : Aeronutronic Ilivis ion 

Philco - Ford 

4. Mult ispectral Film Viewer 

Tedmical Report SERG-TR-04, 1 September 1968 

Long Island University 

Science Elgineering Research Group 

Contractor : Fairchild Space and Ljefens e Sys terns 



In dctemlinlng the deta i l  design c r i t e r i a  f o r  ,a ~ s t :  of f o u r  pro- 

jection letzses t o  bz used i n  the 1)recision Fh~ltibsnd Vic,:tier, thc: f i n t  

things t o  bc consi-tlered are t he  bas ic  paralncl-ers as I-cqijrcd f o r  ;my 

opt ical  proj ectiorl systen;  nn:nc.,l_y, rcsolutj.on, f i e l d  of coveraze, d i s  - 

to r t ion  and apertulrt. I11 .a adtlition, -i;hc~-c nre the ~.dditiur~rrP 1-cquirc- 

mcnts f o r  matci1ing of focal lcngtlls anct the differential .  d i s t o r t  ion be - 
tiieerl each lens t11ro:rghout the f i c l d  of coverage, 

Various ty j~es  of bmgeqr can be used as il-put t o  the Precision 

~ 4 u l t i s p e c t r d  Vie~&:er,therefore~ we can coilkicler the desired resolution 

objective as being capable of I1andling the best photogrqhic image de- 

t a i l  typical ly  bcilig obtained with exis t ing reconnaissmcc camera s)7stclns. 

Although high clef i n i  t ion  a e r i a l  films , such as the Si-ne graj ncd Ektrr - 

chrome SO-243 t ype  ,have the capabi l i ty  of 1-esolving tip to 230 l ines  per  

r~~l l inc t e r  a t  a l . G t o  1 ta rge t  contrast  r a t i o  (lorjr contrast) , the bes t  

pllotograpliic image d e t a i l   hick is p rac t i ca l ly  obtainable is i n  the 

order  o f  1.30 l ines  per lnillirneter. 

The f i e l d  of coverage of  projection l e ~ l s e s  t o  a t ta in  t h i s  degree 

of resolution should be 3 9 "  t o t a l  angle,  1\1ith half  this  range usually 

used i n  hij;ll resolution projecti.011 devices t o  ~ninimize 'cyI~i.cal. crl~crra- 

t ions ,  Sincc one of  "Lie operational objectives jn\.olviilg f a l se  color 

prescrltatiojis is t o  have die caj>aljility of using a.11)~ f i l tc r -  with any 

lozs , therc  c m  be 110 ad\rr~nt:r~:c.s accl-uing Eron o p t  j mi zing the rcciil u t i  on 

cqa11 i l  i t y  1)y se l ec t  i r ~ g  ant1 worl : i~~g wi t11i n a n;-rrl-ort spi.cira1 I,:,~ldiricltl~, 



r l- 1 i ~ e  iljst o)-tic13 dl;cr;~ctcrikljis 3i.c 1- r . x - ~ - - r - ~ d ; i t c . i l  ~ ' j " i i l  lhc r (*sol ~x"c or: 

\d~:>n~?vc?- rc3ai j x eiy Iiip,jt I-csnl i i t i o ,~  (;,, c-:A:::r "ii,ul 100 S i r : ~ ~ ,  llcr n1iI.15 - 

notcr) is  invol~~ccl. To th i s  is addild tl~c :idditi win1 i.otjiiirca!;~nt of 

reg is t ra t ion  oi supcriilrposed irnagcr)? w?iicii. wi.iJ~ ~ c s p e c t  t o  tile d is -  

tor t ion  pnrari;ctcr, a f fec ts  tho d j f  Ccl-cntial dis t r  r'cior~s of each of tile 

four lenscs uscd in  t i~e  >!ultispectral I'rccisi on \I5 ewer. Fr3r purposes 

of j ~ ~ s u r i n g  consta~i t  imagc dc ta i l  , the pro j ec t j  oil lenses should have 

low radial  dis i:ortion, Prescllt.1)~ con1 igurcd nn1l- t iballd projection 

viewers all havc higlrl igl~ted the s i g n j i ' i c ~ ~ ~ c e  of the alxrtul-e of  thc 

projection lelises . Since it is irdlcrent jn mu1 tiband pmj ection sys t c ! ~  

tha t  approprj a te  i i l t e r s  be applied t o  each projection c?i;inncl, the 

3-oss of available cilergy is appreciable and thcrcfore,  the aperture of 

tlle projection lens  should be as large as prac t ica l ly  yoss ib le .  Optilsally, 

cliff rac t  ion 1 i l , ~ i  t ed  lenses having the l argcs t apertures shoul d be used 

b u t  prac t ica l  lens design prnblems w d  trade-offs  of a l~errat jons do not  

md;e th i s  type of lens co:unercially axailable. 

The c r i t e r i a  f o r  exactly rn;ltci~i.ng die focal lengt'hs of tlle pro- 

jection lenses is  evident i n  the bas ic  plublcln of r c p i s t ~ a t i o n .  Tech- 

niques of u t i l i z i n g  large run, coixnercially ave i l a l~ le  , off  - the-s11el.f 

lenses cvld se1cc t i . n~  lenses ~stlich bes t  match and f i t  each other ,  can 

be uscd to  ~ninilnize t h i s  basic  problem. , 

This tcdmiqq- is even norc si$nific;u,t  f o r  tlle c r i t c r i a  of d i f -  

f e rcn t in l  distostiorl bet\:ieen I ellscs, par t in113rly f o r  thc l l igl~er ITSO- 

lutioil i n  i d  is  in?re readi ly dcgr;ideil by jioor rcgi s trntion. 



' 1 1 ) ~  fi.Fi c . l - i t ~ ~ j .  ;?. Of r! J(: [>;-)Li.C:il ]-jl-\jj C ~:!..iOi~ 5,)? 5;- ; .I,\ ::?,CX 119 

mag1.1 if;. c;itj_ccz ~zhiclr , as spcci. f.i. ec'l _in thc 10:d'k s tntc;ncnC , ~ i l .  P 1)c cal~n11l.e 

of magnifyi~tj; -tile s u p 1  511agc in s teps frail o:xc .i-a twenty-Five 

times over tl2c originril. scnlc .  One cffccti.ve I G ~ ) ?  t.o c,l;z'cr t h i s  n!ncpi.fi- 

cation T X I ~ C  is by the C O C ~ I  j.n;ttion o f di.5 cre  t e  ~nngili. f ic::t ion s.teps of  

large area, coverage s~lppl. c~~ie;.itccl \.lit11 coil'ci.i:uousl.)~ vnrj.:-:?l c filagni.-f i ca-  

t ion of sma1.l area coverage a t  d ~ e  lligller n;apif i-cation., lllis \\!oulcl 

be  readily o b t ~ i n e d  by viexing a p r t i o n  of  the projected mngni:fied 

ae r i a l  jmage wi. t h  zoom opt ics  11:iving tile apz:I~il- i.ty of ex"ccndin,g the 

discrete  r:lapificatio:l by a fac tor  of  up to  4 t o  1. 

Considering 3 d iscrc te  r m p i f  i ca t i  on fac tor  o f  3 t i  ~ i ~ e s  c?l~pl ied 

to the input ilnagery, "rherc arc cel.tnLn para~n: t e r s  1!11j ch c,m no1;; bc an - 

alyzed, Tile f i r s t  pnr,xlt:ter affected is  reso l~l t ion  in dlrrt the 1.30 l ines  

per millimeter capabi l i ty  of the or ig ina l  imagery will n a : ~  be 43 l ines  

per nlilljmcter on the scrcen. ?his is riot a 17rol)lcrn with p:-escnh day 

pro j cc t  ion screen niaterials dl, altliougll depcndj ng upm1 a diffuse 

coating to  s c a t t e r  the l i g h t  aid prcseult the imagery on the scrcen plane, 

do have s u f f i c i e n t  fineness of coatfag t o  present up t~ 40 l ines  per 

miLlirncter fiilagcs . ?he 4 j l i nes  per  millimetel- l ~ s o l u ' i i o ~ ~  appearing 

on the pro jcc t io l~  scroen is ,ol: course, a degree of h a g e  d e t a i l  dlicll  

t.lic unaided eyc i s  not capablc of  resolving. 1'Jj th the avcrngc ht~in:ur 

ej7e co~lsjdcrccl t o  Ilwe a capabi1i"c) ;of al)out 8 1 i xcs per- milIri~i~:t"cr 

resol-viilg lnrier, there is s t i l l  a fac tor  of  -5.4 5 t311::s bet \ i~e; l  \d~:tI- 

i s  cor~sic'iorcd ;nrnil able  m d  ri11:rt is bejng vicwcd, App'licri"cic111 o f  a 

s i i ~ ~ ~ l c  0 t i i,v:s 1;1:1!pj ficr- ccul tllcn ccpntc Clie ti:.o. Pr-escnt. ( ! : f ; i~  1 cc11- 



\'?it11 hi~11. SCTCDX ~ e ~ 0 1 u i i  i l l l ,  the uro.icctcd ~ e r i a l  .ili;ave, rilhidl ~~nl l l  d 

be 6 J/4 incl~es souare f~rr 70;1,,:: f~z - l r ( ?~? ,  c:+rt ttlc-t-~ h~ \ r i c \ r % s r i  1.!i+"l 

standard lo,il Imlilcr, wicle f i e l d ,  m j  c r o s c ~ p e  11azri11.g a zurin opt ical  t;-,.in 

of  4 t o  I. It ' i t l l  t11e appropriate eyepicccs , tllis ~:IJI o t t c ~ l d  the discl-ere 

3 t3ncs proj cctcd n1:rgn.i f i  cation by mother  111;i~~lif icatiorl ra112e of  say  , 

2 t ines  through 8 tin~cs . Tllercfosc , "chc i11tcrpr.e.i cr/anal ys t w i l  l be 

v j c w j ~ g  the irnaze with a magnification sysl-em of 6 tirncs t11.rough 24 t i ~ ~ c s .  

1Ji t l1  presently cs i s  t ing  wide f i e l d  microscopes , the coverage i s  ~ p p r o x i  - 

nlately 7 incl~es divided by the naglificatjoil .  'Iflis resu l t s  i n  a vj-ewing 

capabi l i ty  of about 3 1 / 2  inclies cli,?mcter a t  the 6 times rilagr~ification 

reducing t o  a 7/3 inch c1iancLcr at the 24 tiirics r!~agnifieatio!l, relatccl 

to t!le aer_Hal irnagc, ~;rhicll is a 3 times magnification of the input f ~ r -  

mat. If we were to consider a d iscre te  magnificntj 011 of G times f o r  

the project  ion vie~irer thcre  would the11 be a 13  1 / 2  Inch square fonliat 

on tllc screen with an expected resolution of 2 1  l i nes  per m i l l  imeter. 

liere again, application of a siirlplc 3 tiincs wide angl c ~ ~ a g n i f i c r  can 

readi ly bring the f u l l  reso lutiorl capabili ty of the expected f j  l m  i~nagcpy 

t o  the  observer. Correspondingly, cliffereilt eyepi eccs can be wti lizecl 

in the zoom niicroscope t o  present an additional magnification range of 

1 time tllrougll 4 timzs l o r  again presenting a 6 times tllro:lgh 24 t i m e s  

viewing crrpabil-ity to the ol)server. Jly using t h i s  I n s t  spccif icd 171icr+0-- 

scope ~~ict:piiication rangc of I tinic tllroui;l1 4 tilncs in conj~ulct iui~ witll 1-11~ 





, .  
t]il'~)l:i)l 1 ti.jnc.s $.s i?-l*c;ir i{'iC!(', t i )  1 . l ) ~  01 j~~) ] .v ( '? ' ,  '1 '-j<: 3-c 13:: OII:;!~ 113 0 f tjlC"';(-! 

~ 

, i  - -  0 ;  t- j 0 ;  i.: j 1 I : !  I 1 -  i 1 - 1 , 

fi 3 i)] si3,');'..1' J<):,' -------- 
]) is tor t ion c r i t c r i n  afFcct:s t~vo basic  pararxtcrs ,  rcso:luti.on md 

regi.stration i.n an int.cr-rc1ntc:'L fas!lio~l. 'Illc ?i~xtcll:ij~;: of dlc: cc!:.~iv;i- 

l e n t  focal. Icng-irhs , IT], , of cadi  of tlli? Eo:tr 1cnr;c:s 113s n 21-oss cCfcct 

upon tile o (l t!ic Eo:lr imngcs. IIo?e-Ttllly, n noocl f i t  1:i.l :L 

be ol)tai.ncll, l ~ u t  the jx-ncticnl r,:qrl;:i.iy ?rcci.si.nn ' I I I ~ ? ;  i.l~antl Vri.cl?rcr sus t  

]>.1-o\ridc 1,rccise adj t~s-t~:!el~ts For. conl;xns a t in2  and scrnovi 112 a3 1. rcs  i cl~ial 

e r rors  . In con-clntfion -i,:it!l I T J ,  , consitlerati.on ni.lr;t htt given t o  thc 

absolute r ad ia l  dis'iostions of the lenses n~!!l. the  cliqfcrcnti.:~l d is tor -  

tiorls  fro:,^ I ens t o  I ells. 'Ile al~sola  t c  rai!i.al d i s  torti.ons :.:i.l.l 111vc a 

I pri.nlary e f f e c t  ~ipon tllc resoluti.on .pasnnctcr. 1;rhercns the al,sollitc i;1,2~- 

n i tudcs,  \$:llate\:cr they 19igllt he, 1~~u1.d  not aTEcct dle r c ~ i s t r a t i o n  lmra-. 

mctes as long as  a11 four l e ~ l s e s  had , icle~lti.cal maplitw!es. Again, for  

practj.ca1 applications even  lit:'^ extens i.ve scl.cct 519 and matcl~in q 1 3 1 ~  - 

cedth-es, precise ni.c~:onctric acljustmcnts shou1.d he provi.ded t o  corrcct 

fo r  changes anc! vari.atio!ls. Fi~gires 4 . 2  t'r?o~~g!l 4 ;5 shm: so2e t p i c a l  

i d is tor t iol l  cal  ilwnt ion r c su l t s  for  four off - tlie-shelf i nexp~ ' ,n s i~~e  CO.'IT;IC~ 

c i a 1  lenses.  Table 4 - 1  presents clistortioll <ant1 resolution data  For a 

syxir- l l ly  d e s i g ~ c d  co~:mtcrcial l y  asai 1 ahlc I e ~ l s  r.!!lich is made i n  rrLlc1x 

s~na l l e r  clunntiti es ant1 is not as r ex l i ly  01, t a i  iia!,le ancl costs a n ~ ~ r o x i  - 

nlntely twice tha t  of the prccecljlln, lens.  1:imlre 4 . 6  s!iol?is thc ~ n l i l ~ ~ . t t - i o n  

. for  a high resol~itioxl lens used i n  a J'i~otogranmclric I:nlar~cs, 41 1 d i ? -  

to r t ion  vnlucs given arc  in for. !:i o1lre'; (1 . :! Iil~~xln,h 4 .  5 ant1 3s-e jn 

microns f'or 1:j ~1lr.c 4. 6. 













15' 4 microns 

20 O 1 0  n;ic~.ons 



IS 11nvc c s t a l~ l  islic~.l 130 I jnes !XI. ] n i l  l i i - ~ c t c ~ .  a s  thc rcra.~ircn~cnt for  

t h i s  pnranetcr. 'l'llc r c s o l u t i o ~ ~  cn~n,!>i l i t y  of 2% optic;*i ~ \ ~ o j c c t i r ) i l  SV-- 

stem is not detcr~ftinc~l by the prnj ect ion lenscr; aPo:le, 'II127"~ arc  ot11cr 

fac tors  otctsicle the proj ection o:>tics \:llich clf fect tlrc T P S L I ~  t in?  r::so- 

-1ll.unination source 

-Flatness of mirrors usctl to  
fold optical. pntli 

-Aliglment o F m i  mars used t o  
fold op t i ca l   pat!^ 

-Flatrless of projection sc-rcerl 

-Pe~-pendicul a r i  ty o F nroj  e c t  ion 
screen t o  o j t i c n l  axis 

-Contrast r a t i o  of inp~ l t  knagcly 

-Tlier~?al e f fcc ts  upon tllc s t r~lctune 
ant1 a i r  

I 

-Stabil  i t y  of a1 1 structures 

-DJ. ' r t ,  dust  , srlol;c, foq o r  ~ ~ ~ o i s t u r c ,  ehc. 

Anotllo- factor to  I)c coilsj dcrecl involvcs t he .imy in 1;llli ell rcso l~i t  j 011 

is specified. For c s :~ .q lc ,  is the specj f i c J  value rcferr in? t o  1 1 1 ~  

rcso lu t io~l  on-asi s ,  l \ : i l i l ( a ~ c n - \ , ~ i  (7111 ctl avcrar7c: rc.501 t ion) , 01- c'oc.? i t 
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4 *5.  2. 200!;1 > I ; l j ~ l i C i ~ ; ~ ~ . i . i l i ~ ~ :  3 tl.i;l:i; f : ~  I% . ' ~ J I : I . ~ S  ail.! i 3  2 , i i i ;~ : ;  l.0 2.1 i ; l i - c r ;  

\\~it,]i f0 1"Gl:lt 0 f. 7 j 1-1 c,; jC r j  cl-i~V"'.dcd by 'i;!;ly,l> i. f j  ,C :?? .;Oil 

4 ,5. 3.  l\c~r-;olui.io:l: 15:) linct; p:r nil ltic~c-icr c;iz-a:i.:: .;,;it11 20 li,oi" c:?!rl: 

f a l l  -off in coniers . 



?lle inilu:ncc of the overal l  configw*a t ion  upon tho  proj cciion 

systen, design is basical ly  one of  tllc prim2 co l~s jde~a t ions  uildcrlyriny: 

the usage of the I3bnr. In acldition to  $Athe nomlnl vie~cinf: tasks involving 

scanning, idcn t i f  icat ion , i n t e r j ~ e t a - t i o n ,  i17121ys is, etc, , the operator 

has to  perform tlle csactirlg task of  inage rcgis t rat ion.  I t  is i~dlerent  

i n  a l l  design analyses to  accent the functions whidi the operator per- 

forms so  t h a t  f o r  t h i s  type of system design hum= factors  must be em- 

p11a.s ized. Illerefore , the displays , controls and d.1 mcmy adjustn~ents 

\ihich the operator must effect ively naipl . i la te  have to  be optimally con- 

figured. Other us age f act.ors wlli.ch Ilelp define the overal l  configuration 

a re  : 

-enviro~xi~ent i n  whicll PFN will. be used 

- p r t a b i l i t y  and ~rnvement considerations 

- s ize  

-\ieight 

-power consulnptiorl 

-cost 

Biaking the appropriate t rade-offs  of al.1 the variables j~~vo lved  in the 

systenl d c s i p  complete understandi~lg and Inovrleclge of the objec- 

t ives  of  tlle I'hlV. For exanpl-e, Ilighcst opt ica l  performance is obtained 

on axis. ?l~cr.eforc, by employing extrcrnely long focal Pcngth l e i ~ e s  

we can ef fec t ive ly  work on-rtxis f o r  our required 2 l / 4 "  fornlat. IIov~e~rer, 

the irnprncticali."cy of  d e s i g n i r ~ g  a viewcr confjgu-ra"co~~ \dlicli i s  s:ty 15 



e tc .  Stucly ard rcvie~ir of d l  types of opti-cal p j -~ jc~ t i . o ! l  viclrers a113 

similar  types of opcr-ator oriented cct~lipi lcnts i n d i  cntes thnt the opti~nuni 

conf j glrrat ion is the "vicrving consolc" type, F1:my 11u~:ian factors  and 

enginecrilrg s tudics have been maclc ~d!i.ch defi.11~ rill tllc s i ~ i l i f  i c a r t  para- 

n ~ t c r s  a~rcl design d e t a i l s  f o r  th i s  type o E co~zfiguration. Eye 1 eve]. c l i -  

mensions , 1.ocatio11 of displays and controls,  operator rcacll, lace room, 
., " 

etc. ,  have a l l  been tllomughly studied arld alrnlyzcd, IIrrn\~ing 9G-321-Dl. 

of tlrc Specif icat ion,  i s  an cxainple of a I'IW \chi ch i s  conf'ip~recl i l l  nc- 

5.2, --- Proj ection Oj3i:ics Focal Lcnvth -------- 

IVith a lligll perfonnarlcc op t i ca l  system containing ivo s e t s  of 

pl-ojcction lenses (3X and GX) it is inherent tha t  the t o t a l  path length 

(TPL) be exactly fixed and t h a t  only the lenses 11e moved when clrangillg 

magniEicati.on. 'In order  to  do t h i s  with exis t ing desigrled projection 

lenses it is bes t  t o  modify the resul t ing magnifi cation as lorrg as we 

know exactly \illat it is.  Corrsider usage of s tcmdard comn~erciall y avai l  - 

I able leilses of 8 1/4" (210nm) focal  length f o r  the GX nlagnifi cation 

and 12"  focal lc l lgt l~ f o r  the 3 X  magnification. 

For the ilornillal 8 1./4" focal lellgtli (GX) Lens we 11ave: 

Object d i s t a l cc  (0) = F.L. + F.L. /?I = 8.25 + 8.25/6 = 9 .  G2S" 

Image distance (I) = F.L. (h l c l )  = 8.25(7)= 57,75" 

TPL = 67,375" 



For 1.11~: I ~ O I : ! ~ T I ~ L J  12" COC 21 IGII:;LII [3X) ? GT~:, I:C Iln:ie : 

0 = 12 c 12/3  == 16" 

I = 1 2 ( 4 )  = 48" 

TPL = 64" 

'I%e d i f  fel-etlcc of  3.375" i n  t o t a l  pat11 length i s  eas i ly  cli~ninatcd 

by sh j  f t i n g  tlie ma.r,ni f i  cation fac tor  s l i g h t l y .  For e s ~ x p l e ,  as shai~n 

by t]le data  of '1abl.e i- 1 plot ted out i n  I?igun-: 5.1 , i-7121-e are mnily c x x t  

magnificati 0x1 coiill~inations which ~\roulcl have tlle s ant? t ~ t ~ 1  pall1 length 

(TPL) f o r  the 12"  F.L. (3X nominally) and the S L/4" 1Z.L. (OX naninnl.ly) 

1 enses . 
I t  then becomes r e l a t ive ly  simplc t o  nominally sc l cc t  the d iscre te  

~nagnifications f o r  these two lenses, having t?le sane to t a l  path lengt-11. 

For exanq~le, the 8 1/4 " F.L. lens can be used a t  5.7 X magnification 

i n  ~d l i ch  case i t s  TPL is 64,964". 'fie corresponding ~ix?gnification of 

the 12" F.L. lcns ,  having the same ?'PL i s  J.09X. Similarly, i f  the 8 1/4" 

F.L. lens is  used a t  a magnification of 5.8X, the 12"  F.L. Lens is a t  

3.165X, f o r  the sane TPL, For fur ther  project ion systcl:~ design analysis ,  

we w i l l  co~lsidcr the usage of magl~ifications of 5,7X m d  3,09X f o r  the 

8 1/4" and 12" F.L. lenses respectively,  

As can be seen on Figure 5-1 , the half  ,angle coverage of the 12" 

F.L. lens is 5 .  G o  and tha t  of the S 1/4" I:. L ,  l ens  i s  9.2" f o r  the d i -  

agonal 0.r' the Z 1/4" fonnat. 

Iirhcn using long focal length  Icnstlr; allil tile s j  2, a i d  \%ieigllt of 

tlle ills tnir~icnt bccone crj  t i c a l  i t  becon~es atlvant ngeous t o  irzt;ert mirrors 



-- _-___PI._- -------- 

12" F.L .  Lens 

6 3. OX Flazni Ticat ion 
@ 3,1X 1:agniEicztion 
'@ 3.145 2sIagi~ i f  i ca t ion  
@ 3.15X Flag.,i r i c a t i o n  
@ 3.2X blagr~if ica t ion 

@ S .6X hlagnif i c a t  ion 
@ 5.7X hlagli f i c a t i o n  
@ 5.745 F.Iagnif i c n t j  on 
@ 5.7SX Tf,ignif i c a t i  on 
@ S.76X >lagnif ica t ion 
@ 5.77X Llagnif i c a t i o n  
e5.785 Slagilifi ca t ion  
@ 5.8 X Nagni f i c a t  ion 
@ 5.9 X > lagn i f i ca t i  on 
@ 6.0 X blagnif i c a t i o n  

NOTE: Cllange i n  I is direct ly p r o p r t i . o n a 1  t o  change i n  mag~l i f i ca t ion  





j l l  f l l c ,  <>;) i ;c ; i l  i ) ; V l l d l o  sc."~cf* lhc s i l e ,  lI::~;t-~ o f  sj1>+.1 ~ ~ ~ j r : - ~ t =  131+[3- 

viclcs so,irc ,-.,i:J.i4i."tc;~-nl co~:;;?cx'l",~ i i l  ali:;::,:c.nt f o ~  r(\!:ib',i~:~; ci1:1 quf rczj.5- 

t r a t io~n  . 1Ji;al;e of ini-11 t i  plc mirrors coli~;,licates tlne task evcn liiorc so . 
Considcr 4hc nonnal Tlr~tness rccltli rcmcnts of a ~ n i r r o r  i n  a re la t ive ly  

high ritsolution s ingle  lcris system. In t h i s  s ingle  imagc lnrojectjon 

clevicc tllc: j~:iage projected off  the mirror is influcrlced by the angle 

and the  f la tness  of  the  rc f lcc t ive  surface.  Variatiom i n  mgJc r e su l t  

i n  keystoning t ) ~ ? c s  of i~liage d i s to r t ion ,  loss of geo;i:etric f i d c l j  ty and 

loss  of resolution in tliose partiolls of the projected %_ln:tge ~ilill~se image 

distance has been shortcnccl o r  1 el~gtlncnecl. Variations in  f l a t ~ l c s s  af - 

fect  the prilnari l y  , by c r i t e r i a  sudl  3s zstigpr;tism, and second- 

a r i l y  a f l ec t  the posit ioning of the portions of the inlage. Idlen the 

tradeof f  analysis is conciilcted and the advrantages and disadvantages of 

focal  length/resolution/dis tortion/size/cos t/ri;ei ght/s t a b i l  i t y  and a l l  

the other  c r i t e r i a  irlvolved are evaluated it beconles apparent tha t  for 

the requirements dcf ined in the work statentent, the usage of  longer 

focal length projection lenses a re  not required f o r  the 100 l / ~ m n  and 

70nm format rcquiren~ents . Subsequently f o r  the conjugate d i s  tanccs 

indicated in'i'able 5-1,  the advantages of a mirror to  fold tlic optics be- 

comes questionable. 

5.4 I1 l~mlin:,t ion Sys tcn~ Cr i te r ia  

Thc dcsi iy~ of an cf Iective il. lumi nat i  oil sys tcm f o r  the T'?\Rr S I I ~ L L ~ ~  

be hplcmcn ted wit11 s 1 ail(1 Z! rd COI I~C . I ISCJ -  1 CIISCS . '111~: C O : ~ ~ C I ~ S C T  1 ci is SI IOL~I  CI 

!)c posit  ioncd i n  thc o p t j  cnl pat11 i r n  ,such n inxlnc-r. sc, 3.; t o  j inngc:  1112 f j  1 3 -  



rilcrrt of tile i ? ~  c c f  i 031 l i(:ilt scj :i ,  c -i 0 Ei 1 I "i:c% , lt~l-c c > T  t h c t  prcjc c 

tiojl Iclis. lV?~zn cIia~;p+~:; ? , ~ - ~ c ; n i  i ic:~tjon IIICI c: \:j I 1  1 ) ~  ~1 siy,~:j f j c a ~ i  t. j 5 3 ~ i  - 

at ion in t l ~ c  pos i t io~r  of the scco~rtl proj cc t i  on I ~ i l ~ .  'Illis CXI IIC CtCOiIW - 

dated by s i n r ~ l  tmcously inser t ing  airorlicr cond3:ser 1 ens el cmcnt into 

tlrc condenser system to vaqr the tlllo~v of the f i1 r;iicntls il,lage, o r  by 

~novcrnent of the conclcllscr 1 e ~ ~ s  i t s c l  f ,  o r  by a combination of I)otI1. Be- 

cause of the attenuation o f  projection la ry  energy by the ba~ldiiidtl~ f i l -  

t e r ,  tlle Pi.IV1 s i l lwnination requirei71ent f o r  cncll cjptical axis are nore 

severe- than rlorrnnl f i l ~ n  rear  pl-o jection ~ ) ~ s t c m ' s .  l'licrc r ~ i l l  therc10re 

be a higher anotult of t11ern:al energy generated by the l igh t sources .  i n  

addi t ion t o  cml ing ,  nosinally by a i r  flow, a special ly  coatrxl mirror (d i -  

cllroic) can be inserted between the 1 ailp and the conde:~ser lens to  re- 

move the radiant  energy 1diic11 ~srould cause ulmecess ary heating a t  the  f i lm 

gate.  This  coating v~ould transmit the radiant  lieat from the l i g h t  source 

and only r e f l e c t  the v i s i b l e  .iqave1en~tlls of  energy, as sham i n  F iLpre  5-2, 

Correspondingly, a heat absorbing glass  c w  be inser tcd between the d i -  

chroic mirror axd thc- l i g h t  source which \could block tllc theni~al cnesgy 

and only translnit the usable v i s ib l e  energy. 

5.4.2 Liglrt Source - 

The select ion of the pl-oper l i g h t  source f o r  the PJN is an impor- 

t a n t  fac tor  i n  ol)tairiing suf f i c i c n t  coritrast f o r  the ifiggc analyst ,  There 

i s  a f a i r l y  wide s e l e c t i o ~ i  of s tandnrd l i g h t  sources a v a i l a l ~ l ~ ?  s o  tha t  

tlrc prki~aqr oh j ective , of designjng tlie P?lV a~.ound of f  - llie-shelf l~nvtii:;lrc, 

cul bc readily atl.airlcti rtitl-i rcspcct to  th is  pr:unetcr, Or1 llic !)asjs of 

various tmdc-oFfs bct~:lccn l~nninajacc, rc l  i:\bili t ) 7 ,  ~riaiirt:;i~~a!)j l i  ty, cost 





'l'lle r ea r  proj e c t i o ~ l  screen brig11 tness , as vie\ved Eroni thc pos j. ti.oli 

of the irntige analyst ,  sliould 113-vc a minilman acceptable l~uni~~rulce of a t  

].east 30 f03t-1.a:nbcrts a t  a l l  r,lagnificnti.ons fo r  ccjmfo-rtable vj.e~;.in,g 

under i~o~.-inrrl roan li~glitcd conditions. '1'lii.s luniinance should be obtained 

with a. 1.3 neutral  clellsity filili i n  the projecti-on gate, ecluival.cnt t o  GOO 

foot-lambcrts open gcte.  In additi-oil the screen sl~ould be evcnly il.lum- 

inatcd and, a t  no p i n t ,  should the il.lunination deviate by narc tllan 20 

per  ccnt. This factor  is in~portant because large variations i n  screen 

brightness wj.l.1 a f f ec t  thc image ana lys t ' s  cvaluati-on of .the fi lm nia.terj.al 

presented to  him. 

l11e rccol~u~~cndcd rear  p ~ u  j ection screen should measure 15" by 15" 

t o  adequately cover the  6S nlaglification of the 2 1/4" S 2 1 / 4 "  fom2t .  

This s i ze  screen w i l l  comfortably f i t  i n  with tl:c average operator's G O 0  

ve r t i ca l  f i e l d  of view to provide f u l l  viewing capabili ty 11-m as close 

as 69" (l5i11.) (.(I1745 radials/ ')= 15.7". I t  should 1)e noted tha t  too 

l a rge  a viewing screen wili make it d i f f i c u l t  f o r  the image analyst t o  

be able to  co~nfortn1)ly vier\! tlie e n t i r e  for1;lat and s t i l l  be witllin easy 

reach of a l l  ao~rl  sols , 'l'lrc vie.i\ri~rg screen material sho~ll d j~rovi tlc uiii - 

fonn ln~iiil~nilcc o\.icr. i t s  en t i r e  st~rLacc, \ k : i t l l  :ill oj)crl gate ,  It- slloiilcl 

noL corltri lmtc my c01 or or g r n i l ~ i l  nri t ) r  to  LIE 131-ojccletl jcta:c n:1,1 \ l i ou l~?  



licntecl positi\re filin Ins been seprc?c!~~cecl s o  as to  cs!li!~ii: a lmir minjiainn (I~TI-  

s i t y  on cadi of  tile rccorcls as  ~ ~ c l l  as n 2a;un:t wlxic.l~ i.s greater than 'one 

(about 1..6). Ylesc c o ~ ~ s t r a i n t s  arc nect?ss,zqr tn ~n-o:111cc deqilnte col-or d i s -  

cr i.niinati.oj-, i n  a. l n u l t i l ~ a l c l  ndt'litivc process . I Ij.211 l,ri.~'~t!less ~ra luc  i.s 011- 

tainable by lreepin~; tile ~l~j.nj.nlum clcnsi t y  as lolo a s  poss ils3.e- --a71 131. t o  o r  

slig!itly greater  tltnn the  base p l ~ i s  fog l c~rc l  . .4 r,arnim o f  one on the rc -  

procluccd 1msiti.ve w i l l  gencratc a n  i.clcntica1 one to  one :nqping froi:1 the oh- 

ject 1uminn:lce clo!naj.n i.11to the clerlsj.t)r fmqe. ???e I - C S I ~ ~ ~  wil.1 ?7e 311 ;\CCUI"- 

ate prcsentntioil of  the sccne to  'i!~e Inlz~nn eye. T n  o d c r  to  g e ~ i c ~ a t e  greater 

cle~lsity d.iCfcr~,.:~ccs ~a ;d  halce rnorc saturate(! colors on t!le vi.ewi!lg screen, 

the jizruna of tile posi t ive recorcls 1 ~ ~ 1 s t  be greater  than onc. That j.s t o  ~ ; l ) ~ ,  

alo~lg the straig!lt l i n e  porti.on oT tllc c h r a c t c r i s t i c  a lrvc,  a di'fc.1-eccc 

i n  log briglltness \$:i3.1 11e represented l ~ y  a grcatcs  clensi-ty di.-ffcrcncc and 

the saturat ion of the col or  l)e tmen any two p i n t s  will !lave i.ncrenscc1. slrh- 

In  the  selcctj.on of ~:wltil)nncl f i l t e r s  For vicwk~~i; (or ~ ) ' l l t ! l ~ ~ : i ~  of: 
r 

the i1:lngcry) it i s  ~ ~ c c c s s n l y  tha t  t l ~ r e c  vicv~ing Cil.tcss ?,e c'lnscn vit l l  d11-o- 

mnticity cool-ilinntcs of s u f f i  ci cnt cli agral-,) i s  n ~nnsi.mt~q. 'I?le v i t . ~ : i n ~  f i l  - 

te-r-s sllould also 11c cliosc~l so t lwt  tllc inc l~~~lcc l  ti-jangle l i e s  cloqr t o  ilsc 

) r~ : l l o \ ; .  ;.r:jl,ioll si:lcc ;?tire ycllcr: ~ 7 : i ~ t s  ill liat~n-c3 m:cl q r m l  docs not. l?lc 



<)!I<> 0 t:!~:;~; i-c>l-:; y; j>r>[ l ]  ( 2  ~ ; ~ l ~ ~ ~ c ~  ~ ~ c ~ i ~ - l ~ ~ - ~ ; i l ~ ~ ~  ~ , ; ; ? \ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ i ; > f ~ ! ~  c-jr 61 1 -! 

21iln and. n~;:ii:l:if cill~o:;:nt: i c l t ) .  cijol-ii i l:;,"ic.c; of (. !is .: . Cl1. , , 31 t: . 01 1 \,"1:.11: 

11ieasu1-et? \;ri;-I 1 :in i. l P~t:;lin:~nt' YC? sol lrce . '11ii.s f i  1 t c r  .s!:o~.r.ld !~rnrc :I noi:\i:~al 

l )andl>xsof  1.20 -1- 5r11i1 an:l a J?c~].: t.l-;~r~s;ili~~i.oli of 903 1 % . ']?I(! S C C O I I ~  

f i l t c r  sj10~1l.d h w c  a ilociinant I ~ : R \ ~ c ~ . c I - L ( ~ ~ ! I  % ., of 470n;n J_. 5n.i :uid no;;:inal chro~na- 

t ic i . ty  coosdinatcs of ( . l 4 l +  . fll , ,045  -1- .01) v:?icn ??iens~a.c(l 1:~i.th a11 i l l u -  

)11in:u1t "C" soturcc. 711i.s sccond f i.1 t e r  s!lo~~l tl have a no:?j.nal l,antl!>c?ss of l4~11l1:l 

-I- 511!1 ~ I C I  a pea!; t r a ~ x z i s s i o n  of not l e s s  tlxan 652, 'Illc tllird fj.l.tcr s!lo:~ld 

Iiavc a domiliant via~rel en2 tll of 540ii:11 -I- 21x71 rt:?cl naxinnl chi-o!raticity coord inrrtes 

of (. 240 t- .01 , . G90 -01) 1v11en i;!cas~isccl v;i t11 311 ill1r;lin:itit "i:" so111-cc. 

'Illis tllird f i l t c r  slli?!~lcl ll8ve a ~ i n ~ ~ i ~ l a l  l>aid1mss of 1 ~ O I I I I I  P 51111 an~ l  a peal: 

transrnissio!i of )lot l e s s  than 55;. 

I t  v:oulcl l ~ e  possil>le t o  sc l cc t  f i l  t c r s  w11ic1l I ic! closcr t o  tl!c locus 

of pure color i n  thc c11ro:naticity diagrctql anc? hence halt Imrc nrca includcil 

in  the color t r iangle .  Consiclcr such an a l te rna te  s e t ;  the cl13ractcristics 

of cadr co~:i;~ination (1,2,3 ant1 l A ,  2-2, 32) arc given jn thc f o l l o ~ ~ ~ i n q  table: 

1 1 1  r ,I ,I l:J,l:'<Gr1l I -------- 

(:I IRO'LITI CITY 

T JLUS' 11 S5 T (I?: 



. . 
1 1. 

l j ip  c ~ l T ~ ~ , y ~ ; ~ ~ ~ - ~ ;  ~ ~ : i l - ~ ~ j ~ ? ~ i : ~ : ~ ;  n[. j.?l,:,s(> 5.i): -('i l t . ( > ? ~  : : j - < :  I>.!C)!-~-C:~ l j < \ l C t . ?  

. . 
ill l:i;;lil-c 5 a 3 * It; 15 & I , J - ~ ~ ~ - ~ : ;  tl];:t 3 : ~  j :; ~ ; ~ ~ ~ * ~  :;?t;;'j.2<:~:!1 .:.lj:$:) 7 l-.'i:>t ?!", i~~ 

lilo+c satilratcd t!l;ul 2 , n;ld tha t  I.!\ i s  i;:ol:r s:ituratct! t ! i :s~ I .  I t j.s inter- 

cstillg to  ilotc ]v~i;evr.r ti-iat t : t ~ x i i s r ~ i s s i o n  of 5? i s  only a13rroxi.- 

illately 24",f $ 3 .  'Ilic ~il;~~i.:n~m trans:;lj.ssi.on of ZA i s  9 7 b f  thnt f o r  $ 2 ,  

,uld t]ie mmj.j:yLea tmnsini.ssion o f  1 2  j.s 7 7 W f  tii:it f o r  1'1. This ~1.1115 tantinl .  

dccrcasr~ i n  tia transmissioil ciinracteristi.cs of t!lc ;;lore ~ a t ~ l ' i i t ~ ~ l  c i l  teSS 

j., due t o  t]i-ir cjiro-lnticity cc)ordj.n;ites 1 tire rel .nti \~ely si.in1.l 1iaI:C 

1)allilpass i,illic!i j.s ~ c i ( ~ i i . r e d  to  d,taii l  such p r ~ r i t y .  l??i.s dccrcase i n  tr:ins- 

mission indicates tha t  n s:i!~st ailtin1 I y lor,:er liri$ltncss 1.cvcl 1ri1.l 1)c 

rcal.izec1 on tilo nul.tispectra1 psoj ection scrccn. 'lhe rcst11.tnnt color i1j.s- 

pl aycd on the iivecisj.on i!~ultiI~;aid vic;,cr sli~n1.d 1-lc o f  s ! i f f i . c i~nt  hrin1ll:ness 

t o  yLc1.d cllrolcaticity t r iangle  of ninxinir;~ nrcn :iitllout sacrificj.ng hi211 

brightness leve l .  



The ~ r i m a r y  ob ject ivc o f  the 1'1.ecisiolz i?lul"Libnnd . - ,  V j  ei~rer is the 

superinip~sing of four spc;ctr?J inages on t o  a rear piojcci.ioil screen 

a t  var j  o m  n~agnif i c a t i  ons. To ac i~ ie~re  e f fec t ive  supe r in~~~os i  tion, each 

element of cad1 of the four  images must bc rcgisterecl to  each other  to  

a spec i f i c  degree of  accuracy. 

6.2. Registration Accurac)~ Req~rireri~ent ----- ---a=*- 

The regis t ra t ion  capabi l i ty  EOT the viewer \iras specifj-ecl = "one- 

ha l f  of a resolution element (5 microns a t  100 lincs/nim) a t  the center 

of the image'!in thc  Statement of IVol-I; f o r  Contract NK9-9483. ?his r e -  

quirenzilt is interpreted a s  being the qual i ty  of each of the four input 

images .~vllicll is t o  be capable of being resolved wllen superiinposed by 

the projectiorl opt ics  of the viewer, In general,  t h i s  is  considered t o  

inclucte magnification irl order t o  see t h i s  f ine  degree of detai.1.. Figure 

1 is a grapllic representation of the in te rpre ta t ion  of th i s  recpirement 

f o r  reg is t ra t ion  accuracy. 'I'he s~q~erimposed imaze projected on t l ~ e  

viewer screen can a lso  be c~ns ide red  as an a e r i a l  image, wlli.cll could be 

viewed with microscbpe optics. I t  shoultl be noted t h a t  the superimposed 

junage of Figure 1, projected a t  10 X magnificati.on, possesses greater  

resoluti.on than can be seen by the human eye. Therefore, additional 

power is required t o  e q ~ l o i t  the  data content of tlic input film. 

6.3. Error Sources AEf ect- j  ng kgis t r a t  ion -- - 
603 .1  General 

The e n o r  sources nffecting tlle registration accuracy of the 





. " contribution a-elrrt:i.ve to t ' tlc. practical .  rc3;ll.i.t i cs 05 I>i-i:cj 5 rr.orr .i'ctclli.i I-e- 

rnents , a t  is s o  t i .  n i . i  o r  nsseri,i,?.y to3 CI-mces 1 6 ~ i l l  

havc a g1-oss e f fec t  upon the r e g i s t r a t  i 011 accuracy when applied to so,r:c 

components par ts ,  whereas the s m c  ' C O ~ ~ C ~ ~ I ~ C C S  applied t o  other cor;qmncnts 

a re  not as sjgnifi.cant. IIowever, the e f f ec t s  of  these seconc1ar)r errors  

a re  s t i l l  f e l t  by -the system and the analysis 1~i.11 atteinl3t to determine 

the most prac t ica l  metllod f o r  el5nin;iting or rcd:lcing these e r ro r s .  

Di f ferent ia l  e r rors  i n  the  locatiorls of spec i f i c  iniage p i n t s  ~ v i t h i n  

a f i lm  f r a ~ ,  re la t ive  t o  the other tllree f i lm fraiiies ,are  due t o  the 

follor~irlg factors  : 

A. Takinp Camera 13rrors 

- E n  vaz'$ation(scale) ; A X  4 A Y  

-Distortion; A S ,  A Y  6 A 8  

-Exq~osure time (vehiclc/s tmctural  displacement); A X ,  A Y  Ff A0 

-Lateral  displacement of fi lm frame ; A Y  

-Rotational displacement of f i lm frame; AO 

-Film transport  tension var ia t ion;  A X  

-1FIC o r  t r a n s p r t  speed var ia t ion;  A X  

-Alignment re la t ive  to  other c~uller~as; A 8  

-Roll ; A X  o r  AY 

-Pitch; A Y  o r  A X  

-Yaw;  A 8  

-Drif t  or crab angle var ia t ion;  AO 

-MtitucZe (scale) ; A X  & AY 



-Drying va ri. a t  i.on ; A X 

-Stretch due t o  hi611 tension; A X  

Regardless of the source o r  cause of tile err-or, and tlle re la t ive  

magnitude of tlle e r ro r ,  an eval l~at ion must be made \iIllich can predict  

the resul t ing ~nean err-or rel-ated t o  the overa l l  p e r f o ~ ~ n a l c e  ob j cct ive 

o f  the Precision bkL i l  t i ba ld  Viewer. 

6 . 3 . 2  Image lb t a t ion  (0)  

'Ile e f f e c t  of image rotat ion upon the reg is t ra t ion  accuracy can 

be qui te  s ignif  ic .mt,  depending upon about wllat point the rotat ion oc- 

curs. l'he ro ta t ion  of any one of the four i n p t  images r e l a t ive  to  

each other ,  o r  t o  some best  f i t  reg is t ra t ion  05 the other  images, could 

be due t o  any n u d e r  of causes ; vehicle lmtion , camera or ientat ion i n  

vehicle ,  f i lm alignment and tracking i n  camera, filin alignment and track- 

ing i n  viewer, e t c .  Consider a 701ml ( 2 1 /4"  x 2 1/4") fi lm frame pro- 

jected a t  10X magnification, If t h i s  f i lm frame is p a r t  of a standard 

filln r o l l ,  the width of 701nm f i  l n l  is specif j.cd as  2.754", t .002", ac- 

cording t o  USA Standard PII 1.10, 'I'ypical fi lm track widths a re  s l~cc i f ied  

t o  have a ~ l e a l - ~ m c e  of from ,010 t o  .020 over the fi lm clue to  standard 

tolerances on a specif ied dimens ion, parallelism tolerance, film widtll 

tolerance and provis ions for  a nlininlum clearance should to1cra1.rlce.r f a l l  

on the low side.  Figure 6.2 i l l u s t r a t e s  v~1la-t \-;auld l~e the iri~ngc 1-otntion 

e r r o r ,  r e l a t ive  t o  the s ide of tile f i lm f o r  a typical  70mn fralne calnorn, 

wit11 a11 approsjmotcly .3'!long fonnat plate, llre skew angle for th i s  

typical  s e t  of conditions, fo r  the worst case of  film tracking is 





4 ~ c t n  O= .C12OW/:I" = .00C,G7" 

0= 23' oP arc 

'l'llc corr~csl)onclin,n an{;ular clisnf accrlcnt of i~il:~gcr)r in  t11c COTIICTS 

of the 2 1/4" x 2 1 / 1 2 "  f o m ~ a t  is .1)1G7" for t h i s  ~?iol-st case cor~dition 

of inngc ro ta t ion  only. 

The e f fec t  o i  t h i s  image clisplacc;ncnt due t o  a ~ ~ g u l a r  ro ta t ion  of 

the i~llagc, fo r  tllc cstrcinc conlers of one f i  1111 frame only, is t o  dcgratlc 

the 1-esol-utjon Fron i t s  or jqinal  l eve l  of-' say 100 lines/riun t o  . S  lincs/~:nn. 

tIoiiever, t h i s  type of image ro ta t ion  is  eas i ly  prevented f o r  mul- 

tiband pllotograpl~y applications by the design expedient of having a 

spring-loaded la te rc i l  r e t a ine r  f o r  the fi lm, i n  both the camera and the - 
v i  ewe r . 

Another way i n  \ihich the s ignif  icarlce of t h i s  one e r r o r  source 

can be evaluated is t o  use the resolut ion capabi l i ty  of  the human eye 

i as a11 alignment c r i t e r i a .  'ille average human eye h'zs the resolution 
i 

capabilkty of one minute of arc o r  ,000291" pe r  inch. 'Illis can be viewed 

from the vie~q>oi.nt of  having four absolutely identical images alilgled 

i n  rotat ion t o  each other  within one minute of arc .  lio~~rever, the irnagery 

i n  the colners of  the 70rnm frarnes can then be displaced fron each other,  

or the  theoret ical ly  perfect  image, by ,000291 (1.768) = ,00051". There- 

fore ,  wit21 tlle best  alignment possible by the  unaided human eye (with- 

ou t  magnification), tile resolution of the combination of trio t l~eore t ica l ly  

perfect  images is limited t o  40 l ines/  nm, 

Consider a Precis ion >Id tiband Vicrier which is s in~ulta~aeotrsl-y pro- 

j ecling the 70mm frarne iirlage from four (4)  f i l i i~  1-011s and i t  was j u s t  

decided to  look a t  the next fran~e. I f  'dl four fihn clrives tralisjmrtcd 



tlte next  f rnmc :  to tllc fill? gate l ~ j % h ~ i l " L ; , l i , J  porcepbihlc lateral film 

B nko"r_o~: "l ocatise i 1i;agc r-ot :ii i on ,  tile r c so i r~ l -on  ~ ~ p n i ~ i  l i l y  of" m y  stt- 

perimposccl i_ln:tge \could s t i l l  be l i ~ n i t ~ ? d  to  40 I lncs  pcr millimeter, rc-  

fe r red  t o  tllc inpillt fil-m. Anotllel- cons iderat ion involves the angular 

, ro ta t ion  capabi l i ty  .i;iilich must be pmviclcd in  the viewer to  achieve the 

r e g i s t ~ a t i o n  capabi l i ty  of 5 lnicmns even a t  the center of dlc image, 

If the image ro ta t ion  had occurred about a corner of the format, o r  has 
I 

I occurred f o r  the  e n t i r e  format of  a given i'r'me, xs f o r  cxanlplc the ang- 

I u l a r  aliglulicrlt o f  one camera r e l a t ive  to the other  camzras , there would 

be an aS1miabl.e dj.spl acemellt of 5 ~nicrons a t  the center. Refer t o  para- 

graph 3. I-. 2 Registration, of Contract XAS9 -94 89 Statcmznt of 1Vork. The 

angular ro ta t ion  corresl~onding to  t h i s  S rnicmns is 

tan  e = .OOSmn = .00011 

6 = 23" of a rc  

The s ignif icance of th i s  value i s  t h a t  it highlights the degree 

of yos i t io~l ing  prcciselless and s t a b i l i t y  r~hich is required of each image 

ro ta t ion  mcd~anism. In r e a l i t y ,  a1 e r r o r  budget w i l l  be establislled 

and dle allor\rablc e r r o r  due to  image rotat ion \ \ r i l l  be much smallel. in  

magrlitude so we can ant icipate  n~echanisn~s capable of pos i t ia l ing  to  

seconds of a r c  a s  being required. Il l is  irltroduces another factor  rela-  

t i v e  to  a t ta in ing  a preciseness o r  resolution capa1)ility of  th i s  nature 

i n  the v ic ;~~cr '  s rcinotc c~ntroll-cci 1iled1311is111. If it w i l l  bc required 

t o  angularly io s i t jon  the in11,agcr)r t o  seconds of arc ,  what will be the 

t o t a l  range of a n p l n r  positioning ~ e q u i ~ e d  of the  mecll;misrn? I f ,  fo r  

esan~ple, n range o f  5" is e s s e n t i a l  to cover "c~e \irorsi case cor:c?ilion, 

t h i s  is cqujvalcnt t o  15,000 S C ~ C O ~ I ~ ~  of' arc.  'The s i y ~ i  i-icnrtcc of t h i s  



wit11 tho ap;,roliri,?-te error 1juilg~"c~. Faax arzi:i~d a r  ru ta t  i on ,  sf :iild,-ircl pre - 

c is ion  is consiclered to  be 10 sccontls of arc ,  high 1,rccision is consiclevetl 

t o  be 5 seconds of a r c  and u l t r x  precision is consi.dered t o  be 1 second 

of  a rc .  A ~ ~ t o - c o l l j ~ : ~ a t o r s  , j.nterl'erornetcrs, e t c ,  extend ~ ~ l p u l a r  rotation 

c a l x h i l i t i e s  t o  0 .1  second of arc .  

Conside~*irtion of the d e s i ~ m  of prccisi.011 goni.orneters capable of 

repea tabi l i ty  t o  3. second inclicates t h a t  t h i s  rirou3.d represent the ultimate 

obtainable without  any l imitat ions upon v~eight and size.  Since 23 seconcls 

of a r c  r ~ a s  cor;lputcd as tllc ~i~axirnnu,~ cmgular ro ta t ion  er ror  \\;hi& .rvoul d 

be accepta.ble i f  there were no o A i e r  e r rors ,  it appears feasible  a t  t h i s  

point  t o  establ ish 5 secorlds of a rc  for t h i s  portion of dle e r ror  budget 

which \iould not require a large a~nc~~nlt of time t o  be spent in  regi.stering 

the superimposed image. This waul-d r c su l t  i n  a t o t a l  angular posit ioning 

range to  accuracy r a t i o  of  3600 to  1. 

6 . 3 . 3  Irnage Linear Di-splacement (X) -- 

As with % n a g ~  rotat ion (O), there are  numeram er ror  contril>ution 

sources whicll \ f i l l  displace the Iih imagery 1ine;is-ly (longitudinally 

r e l a t ive  to  the fi lm r o l l ) .  In  any case, regardless of what causes the 

spec i f i c  image o f  one particul.ar fi lm frame t o  be displaced l inearly 

i n  t h i s  X d i rcc t  ion, the Precision hful t i ba ld  V i e ~ ~ c r  requires rena t e  con- 

t r o l  capabil i t i c s  \vllich will per-mi t tllc reduction of these inrage tlis - 

p l a ~ ~ i i ~ e i l t ,  e r rors  to the sa t i s fac t ion  of the overall sys tern rcquire:ncnt s , 

If a ctificsentin2 image displacement is caused by a t ransient  o r  short  

t i ~ n c  period vclriatiorl i n  s a y ,  the lFiC n~cehanisn~ of tlre tr2king canera, 

o r  i f  Llle Ih6 ~ried~rulisin of one c:unesa rclnt ive to the others has  a tlif- 



fcront  sjiactl factor i n  i t s  s e r v q  tllcre will lie spcCiC4c iliffci~,:i i n1  

d i  slil ;ica::i.nts of p o r i i u n s  o f  tilc imagery mi  ai ive t o  the rorrcsporldi;~g 

imagery on the o ther  frames of tllc other fi lm r o l l s .  

Consider the e f f ec t  of a typical  1 per  cent I31C servo in the ty-  

p i c a l  camcr;x. In achieving innge notion coepcnsation, the F i l s  (wit11 

o r  witllout i t s  platen) i.s driven, re1ati1.e t o  the  direct ion of f l i g h t ,  

by a servo system (controlled by a V/[I coinputer) so tha t  the blurr ing 

clue to r e l a t ive  ground motion during tllc exposure cycle, i s  minimized. 

While t h i s  exposure is being ~nade, the  closed loop servo clrive is con- 

tinuously changing i ts  speed i n  response to  the changing V/il s j  gnals . 
For a given f i n i t e  time of sa)7 0 .  "1 s econ8 ,  1i~hic11 could correspond 

to  sonlc portion of the t o t a l  exposure time, there is a var iat ion i n  

ililage displacement produced i n  the d i rec t ion  of  f l  igh t ,  considered the 

X direct ion fo r  n m s t  a e r i a l  canleras. The reference t o  a 1 per cent 

IbIC servo refers  t o  the accuracy in  matching the ground vector during 

exposure, as responding to  the V/H s ignals .  Asidc from loiicr fi lm 

resolut ion,  t h i s  type o i  e r r o r  can r e s u l t  in  a d i f f e ren t i a l  displace- 

ment of a portion of  the imagery r e l a t ive  t o  i ts  corsespnding portion 

of  i~nagely on tlre o ther  threc fi lm franes.  

Another small AX e r ro r  can be a t t r ibuted  to  the variable s t r e t c l~ ing  

of the f i lm due t o  varying tens i le  force a ~ l - i c d  by the fi lm transport  

dr ive ,  and even slilaller A X  var iat ions clue to  lnillutc differences i n  the 

temperature and 1lui;lidity from f i l ~ n  r o l l  t o  fi lm r o l l ,  

Anotllcr srnalk A X  e r ro r  can be a t t r i l ) ~ ~ t e d  to  the permanent dcforma- 

tiorr o r  .'~Lretcch i n  thc fill11 cnlulsion of each f-ilin r o l l ,  sucll core crirl, 

a s  tllc film passes over a r o l l e r  o r  s p m l  iiitli too ni~icli tcnsjon. Gns idcr  

the  crisc of four sc;,:trn"i f i lm r o l l s  r:hi cll do !lot !lave the ~ ; l ~ n i :  ~ o ~ l c l j t i ~ i ~ ,  



re1 n t i v c  t o  f i l i r i  tra~q:tlrrt , 25 r;.":~en a44 fun ir,l:~r;cs iiyi: OII the: sari2 ri3111 

r o l l  , i$j t l ~  -i.;ell cl~~si,;tlt-:d l i i i r t  'I s'sr~sport dl i ~ e s  t~1l~i -e  thc o ~ > t i ~ ' l i  z ~ : I  opCr. 

atiorlal feai-,urcs requi-re relatively rapicl zccelerations ancl clyna~?iic braking: 

d ~ e  tens i le  forces on the f i lm become qui te  great ,  Ijrpical tens i le  forces 

used are  l l b  per inch of f i lm ~i id t l l .  The neutral- pl m e  of a fi lm wrappecl 

around the spool cores or passing over ro l l e r s  is subjected t o  deformation 

from the balding s t r e s s  i t s e l f ,  t he  diffcren.t  m d u l i  of e lzst ic i ty  of 

the  base mater ial ,  einulsion, gel backing, e t c ,  ; in  addition to the var i -  

ati.ons i n  t e n s i l e  force ,  as sholni i n  Figure 3. A typical. manifestation 

of the  permanent defonnatiorz is theUcore se t" ,  o r  "core cui.ltl, vdlich 

is often seen on the i m e r  layers of f i lm wrapped on spools. T l~ i s  d i f  - 

f e r e n t i a l  AX e r ro r  can be ignored when a11 four images a re  close together 

on the S ~ I E  r o l l  of film. Of i n t e re s t  a re  the mechanical properties of 

tlle film and those involving dimensional st a b i l i t y .  'Illese properties 

vary, within re la t ive ly  small tolerances,  fro:n f i lm to fi lm. Consider 

one par t icu lar  f i lm type: Es tar  base aerograpllj-e fi lm, Data on mcd~anical 

y r o p c r ~ i c s  and dimensioned stabi l i . ty  of the fi lm, the basc, ge l  backing 

and emulsion are l i s t e d  in the Flalual of Physical Propertics of Kodak 

Aerial  and Special Serlsitized Fkter ials .  ?Ile y i e ld  strength (S ) ,  tile Y 
y i e l d  elongation (c ) mid Young's mi~odulus ( c ~ )  f o r  the base are : Y 

% = 13,500 p s i  ~ c f :  5-1 of E-K ?!anunl 
e = 5.5% 

I 

Y 

€6 = 680,000 ps i  

A l l  properties are  mcasul-ed a t  70° F m d  SO% Ref!. Tllc mos t s ig -  

~ l i f i c a n t  property fo r  the computation of stress/straj_n relatior~s?lips 

is  Young's moclulus of e l izs t ic i ty .  'Ihe film basc has a dlicl<ness of 0,0(14" 





the t ens i l e  fci-cc i n  tllc f i l ~ n  c a l  be C C ) J T I ~ L ~ ~ C C I  as fol.lcxis: 

\ale re e ~ .  F, =: elongation of the fi lm, inches/ jllcll 

P = t cns i l e  force on fi lm, lb s  

i r  = widtl-~ of fi lm, inches 

t = thickness of fi lm base, enn~l-sion 6 ge l  backing 

2 
E~ = modulus of e l a s t i c i t y  of base, l b s / in  . 

The corresponding s t r e s s  i n  tile f i lm f o r  t h i s  elongation, considering 

tha t  ollly the base inaterial ~ i~ou ld  f ee l  the s t r a i n ,  is 

With the Erane 1eng't.h of 2.25", the elongation 06 the fi lm under 

the  typical tension of P lb/irlch of  f i lm width becomes 0.00073", or  1s 

nticroils , over the  same frame. With 90 per  cent of the cases coilsidered 

t o  be 100 foot fi lm spools,  the var iat ion in radius from an empty to  a 

C a l l  spool \iould be a l m s t  4 to  1 f o r  stcmdard film spools. Tllis will 

r e s u l t  in a variat ion of tension oat the f i lm o f  4 t o  1 unless the f i l ~ n  

drive llas a servo control ler  t o  measure fi lm s p o l  diameter and thercl~y 

provide a COIIS t ant tells ion drive. 

In a ~ y  evcrat, j u s t  consitler I l ~ e  6fPect of n 1 / 2  1b varintion~ i n  



tensi  Oi l  !*a-or!~ one f i lm  tirive to :illy trf t l ~ c  otl~c:rs , 'Ihir* i ; ~ x ~ ~ c ?  rcstil-2 

fiaa e1on~;htion o f  oiic i:,,?gc Ircll,:?, rcl:itliu;: to tlic ~ Y ~ r c t s ,  of a11c~J.r 

9 microns. Therefore, i f  a l l  the otller error:; rvere cliriiill:ttcd ulcl tllc 

images were itlcnti ca l  and perfect ly  supzrin~posed , i f  cnc ~ O I I L ~ ~  f i l ~ n  rol l 

hail 1 3/8 lb .    no re terlsi on than thc o ther ,  tihe iz1ngel-y a t  thc eild of 

tlle 2 1/4 i n .  long frane would be clorlgated and rnisregistered by 9 microns. 

Tenvcrature and hunlidity var iat ions can c a w e  ssrpr is ing cllangcs 

i n  f i lm lcngtla Ilowcver, it is consiclercd that  f o r  a1J. prac t ica l  purposes, 

the  temperature and llunddity is tile sane f o r  all- fcur f i lm r o l l s  and 

t h a t  a l l  4 f i lm r o l l s  arc of the sa~nc material. 

6. 3.4 Image Lateral  Displacerncnt (AY) 

The la rges t  1 a tcra l  disl~lacemcnt of the i111age1-y ~ d ~ j . d l  could occur 

is  t h a t  due to  the clearance, see Figure 6 . 2 ,  ~dlicll  must 1)e providztl 1)e- 

yond the maxiintlm f i lm width expected, s o  tha t  the fi lm can bc e f f i c i en t ly  

transported. This e r ro r  is considered t o  have occurred in the taking 

canera and it is ass~m~cd t h a t  the Psecj.sio11 1.511'ciband Iriev~cr will. employ 

springloaded f i lm guides a t  the projection gate so that it w i l l  not con- 

t r ibute  furtl ier t o  t h i s  pa r t i cu la r  e r ro r .  I t  is consideretl, in  t h i s  

case, t h a t  tl1c fi lm was tracking per fec t ly  and that no skewing, as d is -  

cussed i n  3.2, occurred. In ac tua l i ty ,  thel-e w i l l  pro1)ably be a cer ta in  

mount o f  both e r rors  (A0 6 AY) occurringr ho~irever, fo r  t h i s  analysis we 

1ii.11 consider -the worst c,ae condition \t.hicll could occur. Therefore, i t  

is possible 6h~r onc image on a pa r t i cu la r  fi lm r o l l  t o  be displaced as 

~nuch ,as 0.020" f ro~n i t s  corrcspo~lding i111agc on anotller f i l ~ i l  r o l l .  

Eulotllcr s i g ~ l i f i c a n t  e r ro r  can occur jn the  framing or. centering 

of tllc ionnat plate  o r  platen opc~lir~g i t s e l f .  Even f o ~  h igh  v ~ l b ~ m : i ~ l ~ c  



case var ia t ion  frcm ciic ca!iierx Lo almtllev 3s bcj-ng O . O l O " ,  Other 5j.g- 

n i f i can t  e r rors  \\lllicl1 sllould be provj.tlcc1 f o r  by the latex-a1 acljustm.c:nt 

2nd aligAunant of the ccrmcras i n  the vehi-cle \.dierein the image lrztera! 

displctcement, r e l a t ive  to  the other  i1n3,ges could b e  due to  lineal. i ~ l l d / o ~  

a x p l a r  var ia t ions ;  the cosrcsym~lding decrease i n  v~icltll ~dlicll  accanp,mies 
. 

the increase in in -  lens t h  or. clol?gatio~l when tc~ls ion  is applied ; rela axat ion 

sllrinkage or  aging which, l i k e  die sllrinkage resul-ting from processing, 

l ~ a s  a greater  var iat ion i n  the l a t e r a l  dimension. 

In allnos t a l l  cases thel-e is  a d i f  f c r e n t i a l  dilnensional ch,mge 

c l la rac ter i s t ic  bet~\iecn the A X  aid the AY wllich is rnillirnised by use of 

polyester base fi1n.s v~llicll exhibi t  a high degree of uniaxialism. 

6. 3.5 Variations of Inntit l'hotorrrapl~y ------- 

With reference to  t he  End I ten Snecif i ca t  ion, Fli?llt Flartl\\rare 

f o r  Experil:lcnt S130, ~ !u l t i snec t r a l  'Terrain Mrotogrc?r,l~y, ?IT-FV-E-GD , 

follol\li ng are  some of the per t inent  specif i cd rcquirc~ncnts whj cll define 

the expected input to  the T'JiV: 

"p. 3- 7 (g) $tical- --.-- Axis - -'lhc oat ical  axis of the individual lenses 

s h a l l  be determined to within an accuracy of l e s s  than 1 0 . 0  a rc  seconds. 

Idler1 the lenses are  ~:~ounted to  t?le canera and the fi lm 131 aten is  i n  

p lace ,  the del,arturc of the pla"tn from the vl me pcqxndic~!l  a r  to  the 

op t i ca l  {axis of the  lcns s h a l l  11ave :I t o t a l  l'eln out of less tllan 0.0002". 

(11) -- 1)istortion--J,e?lses - ---- / i T ,  112, B:4 ant1 liil ~ 1 1 1  1:c ntatcilrcl 

f o r  olxrat jon in tilci r rcspectivc ccu;~c?-;ls ant1 sncct.l-zl rciriorls in  strc'll 



rc. nmnrler ti~n"i\!!len L1:c o1)ti c8l ;::.;is o f  tile I cnscs 31-c -7;r-t-al le l  to G;IC'I 

othcr to ~ : r j  l h i  n Gi? arc r,eco:lds ('i'li ?t li; , v.l>c~l lbe ~ p l  i C<II mis c:ill I:(\ 

moved with pure translaf ion so t h ~ i t  they irl tcrscct a t  ~2 COVII~IOII p i n t ,  

they a l l  l i e  within a ci ruilal- cone of 30 a r c  seconds 11;11 f anzlc). 

Inlage points v i  t h j  n the f i el d col;imn t:o four  cn~nc~n-  1 elis conlbi nations 

1i~i.11 l i e  within a 20 tan 0 n i c r o ~ e t e l -  ( tangential  dimension) 1~ S m i -  

crometcr ( r ad ia l  dimens ion) el  l insc  r+rI~en the  nr  incinal points of four 

ph~togl-aplli c illlages coincide. (8 i s  t h e  angular f i e l d  lwsj t ion) . Re- 

s t a t i n g  thc recpirernent , the l e ~ l s c s  1vi1.l be s o  rnatcl~ed "i13t plots  of 

r ad ia l  ( l i s tor t ion  vcrsus f i e l d  posi t inn l o r  the four 1 enscs when suncr- 

i~qmsecl w i l l  have a d is tor t ion  sjx-ead of l e s s  than 5.0 micrometers. 

TIie sprea l  of sirniJ5r plots  f o r  tangential  d i s tor t ion  s h a l l  be l e s s  

than 20 tan o ri~icrorr~eters. '171is applies t o  a1 1 f ie ld  nosit ions within 

the 2 1 /4  inch by 2 1/4 inch folnlat. 

In addition to  tile above, the maximu11 a1 lowable radial  d i s  to r t i  on 

is 50.0 ~nicro~netcrs  . ??le rnz~imu~n a1 I owable t cv lgc~~t i a l  d is tor t ion  is 

5.0 ~nicrometcrs. Ihe axis o f  zero tangential  d i s tor t ion  of the lenscs 

as mounted on t h e i r  respective cnxeras s h a l l  bc pa ra l l e l  with the a w c s  

of rnaxiri~m~ d i s to r t ion  a1 1 or i  entecl tlre sane \tray. This d is tor t ion  rnatcllinq 

is t o  bc acl~ieved 1b1en the lenses a re  usecl with nn aperture r a t i o  of 

f / 2 . 8 ,  f / 4  and 1/5.6.  The above d is tor t ions  a re  not calibsatcd d i s to r t ion ,  

but are mcasused dis1-ortion. 

(i) Lcns-Film Ilesolution --The s t a t i c  lens-fi lm-f i l  t c s - c a ~ e r a  ---- - ----- 

perfonn;l,ncc tha t  shnl l  1)e provided i s  snccif i ed  q r z p h i ~ 2 l l y  in  P j  ylre 4 .  

Tile resolution \rrtlues are i n  l i n c  p a i r s  ner- mil l i r c t e r  :xt t!~c s?ccif ictl 





tlic US,@ 1951 1:esoSving 170:\.zr Test 'Target wilrh a cross in  the ccntcr 

of the pat tern array f o r  use i n  evrrlua-ting the dis tor t ion cllnractcris - 

t i c s .  Tlle resolut ion vcal~i,cs sha l l  be obtained using h!il.-Stcl, 150 t l  me- 

thods. The pcrforcl:ance sha l l  be vcrifictl  alor-IF eijjl t  r ad ia l  l ines  in  

tllc fonnat ~ d ~ i c l a  a rc  spaced 45" apart .  ?he speci.fied resolution ntmll,ers 

s h a l l  bc obtaincd with each of the cameras (wj-th thc res~szct ivc lens-  

f i l ~ n - f i l t e r  cs11111inatio1:s) i n  the sarne focal plane in v~l~ic,'i:, the i l istortion 

and the transn~i ss ion r e q u i r ~ ~ u e n t s  specif ied herein arc n ~ t .  " 

l'he s ign i f  i cancc of repeating the specif iecl requiremerlts of the  

calneras is  evident in t h a t  it defines the inputs to  the R\N. Figure 6 . 5  

is a graphical representation of the lircceding to help define and clarif37 

the specif icat ion of allowable c i s tor t ions  f o r  the cmtera since co~nparablc 

e r ro r  sources e x i s t  f o r  the viewer. li'ithout resort ing to  a detailed 

e r r o r  analysis of the canera, the most s ign i f i can t  data  item of the input 

photography spec i f ica t ion  is the d i s to r t ion  matclairig of the foul- lenses,  

s o  tha t  \illen supcl+p~secl, rad ia l  d is tor t ion  sprcad s h a l l  be l c s s  than 

5.011m. The sprcad of s imi lar  p lo ts  f o r  t,mgential di s tor t ion ,  as shortrn 

in Figure 5 ,  works out  to  be 5.3Gr1m for  the 15" f i e l d  angle corresponding 

t o  maximnun coverage. Since the P;ifir w i l l  be tested with calibrated l argcZs 

measured t o  an accuracy of 211111 (the readily available present s ta te -of -  

-the-art) the r e su l t s  t i i l l  be more ~iieaningfi~l on a qu:ultitnti\rc basis ,  





'Ille focal Icngt l~s  101% e:~cll of ~ I I C  ~ ~ I I S C S  i s  co~;~;C:eleCi to  br= 

the ~ 2 x 1 1 ~  within the constraints  of  tlre spccif i c d  para~iietcrs however, 

there  could be appreciable e r rors  a t  the cdgcs of t l ~ s  film forniat as 

indicated by the surru;ling of  the specifjccl el-rors nstcd a t  the  top of 

Figure 5. Corsidcr a nominal 6" focal lcl~gtll lens with a l l  the  var i-  

a t ions o c c u ~ r j n g  in any one of the four cuneras. Tl~e nzximwn run-out 

of the fill11 cmulsion, from i ts thcorcti  ca l ly  zero e r ror  posit ion, of 

,0005" can be added t o  the worst c,sc cti-EIerential variation,lO" of 

a rc , fo r  a t o t a l  in te rna l  o r  individual cmilera imzge displaccmmt equi- 

valent to  1'-53" of arc. With - an allo:\rrtble can:era t o  canera opt ica l  

axis alignment e r ro r  of 60" of a rc ,  it is possiblc f o r  5mgery a t  tlle 

edge of one camera's format to  be s imul ta~eous ly  exposed with imagery 

i n  an aclj acent canera lillile ,angularly shi f t ed  a t o t a l  of 2 '  -53" of arc,  

With a 6" rlomillal foca l  l cng t l~  lens arc1 t h e  nominal IS0  coverage th i s  

can be graphically i l l u s t r a t e d  as sl-iown i n  Figures 6.6 mcl 6 .7 .  Figure 6.6 

i l l u s t r a t e s  the e f f e c t  (exaggerated) of a 60" of a r c  opt ical  axis m j s -  

aligrment of the respective cameras, or  a c i r cu la r  cone of 30 arc  seconds 

ha l f  mgle .  A s  can be noted from the grapllical presentation, there are  

s igni f icant  var iat ions i n  X and Y of the image location within the f i lm 

frarie fornut with much l e s s  s igni f icant  var iat ions i n  the sca le  o r  s i z e  

of the image, Z, 'Ille height I 1  and the focal length T: essent;icdly rc~nain 

uacllanged and thc object/irnage s j z e  is  tllus re la ted  to  the cosine of 

the angular deviation, ~:llicll is  urlcllanged f o r  up t o  tcn ~;linutes of arc,  

IVithou t repeating the ri gorolls filathemati c5 of andyt ica !  photoy,r~lnnet~-j 

we can morc e'asily r e fe r  to  tlie higl~cs t s t a t e -o f -  the- ;irt photogranrr713trj c 





req~lirc:iier!ls 2s 3 7 1  311;l J ~ ~ ; 0 1 1 ~  ~ 0 ~ i j > 7 l ~ j  sonr I'onc,i ~1r.r lire r ir t so11lli st i c n i  -.d 

l ~ l ~ i ] > ~ 3 < 1 ~ ~ ~  C? 2 , ) ' ~ ~  1 L ,lt'> < 11 Li'>C 1(3(1: )T 1 . ~ 1 t ~ l ~ ~  t l i ~ '  113 i l j i  1-1;; ?CLt i~ 'c l (  c,i 

ve~-Lic:ilj ty o t  the C31ilCr3 is I ~ I O S ~  CI-j tic21 i l l  or(!er to cliiiiilmtc the lleed 

fo r  r c c t i f  ica t i on .  'Illcse mapping cr;mcra systems cinpl oy gyro s 2,:ibilizcd 

posi t ioning lnounts t o  maini nin nnd steady the op l icab axis of the camera. 

T)rpical perforntalce of these systc~ns i s  to  llold the ci~rc=ra's opt ical  

axis \iitllj.n a conc o-f 15 -- minutcs of arc  llalf angle with the Ilighest a t t a in -  

able repeatable perfoj7nance k i n g  6 minutes of a rc  Ilalf c o n ~  angle. 

Therefore, the c r i te r j -a  of 30 seconcls of a r c  half  corle tingle would not 

cause s i g ~ l i f i c a n t  degradation i n  supcrps ing  the irnagel-y by v i r tue  of 

the scal c v a r i a t i o l ~ .  F i s l se  6 7 i l l u s t r a t e s  the p ? ~ ) ~ s j  cal rc la t  ic-nsllip 

of the  filln enlulsion plane r e l a t ive  to  the opt ica l  axis, llle ~i~ororst 

case condition f o r  a11 er rors  such as p e q i : n c i i c ~ l i t y  t o  opt ical  axis ,  

platen, f la tness ,  fill11 pt1l.l -down, e tc .  , j.s considered to r e su l t  hr a 

misaligim~ent of 1 '-53" of arc ,  llle change i r r  s i z e  from the t i leoretically 

per fec t  image, XI, t o  the d i s to r t ed  image, X2, can be resolvcd in to  two 

separate e r ro r s ,  a s  sllo~~m i n  Figure 6.7. Tile Cjrst va~ia" ion  of Y, i s  

represented by a ~ d  it is  an enl.argci;ient o f  X1 clue to the film emulsion 

being located so~ne distance d bel~intl ( in  th i s  c,ase) i t s  theore t i c a l  1 y 

idea l  positiorx ,,It the other cnd of the platen it is a reduction. 'Ihe 
1 

second d i s to r t ion ,  from XI t o  X2 is not a ilnifonn dlnnge and is unidi- 

r ec t  ional depending ulmn the direct ion of ti1 t , Ille significance of 

t h i s  variation depends upon the magnitude of the rcsul tjng d is tor t ion .  

IVitll a 6" (nominal) focal lcllgtll l e n s ,  the \-?orst case condition for  

the spcci-fied to1 elAnnccs would r e su l t  i n  a var-iation of ;rpproxji;~rr"icly . OWS1' / f i ' '  % 

.0L per cent ,  'The cfrects of r e l i c 1  i n  the srr1,ject II:~;  ter 1:; 11 jricr.cni;e 





tlrc cll s to r f  ion b i ~ t t l l i  s fncfor,  l i1.r t J 1  -t , a f f c c l ~  i 7 ~  i 3 . j  c- ~ L T I ~ J * : : C ~ ~  

analysis i s t o  j . ~ ~ . \ r c s t i ~ a t c  those d j  :;tol.tioils a i d  variations pecul itlr from 

canera t o  canera xiri t h in  the t o t a l  system, 

Consi-dcr a f i n i t c  iriiagc a t  the edge of the fon : i~ t  fo r  each canlera. 

In one camera we call consider the tolerances and variazions as a l l  f a l l i ng  

on tlre loii s i d e  v;llercas tiley a l l  f a l l  on the Iiigll s ide f o r  the next canera, 

With a f i n i t e  image s i z c  of say 10:m, as representing l a i  gcst s i z c  de ta i l  

object of jn t e re s t ,  tlle worst casc sca le  var ia t ion  ( A Z )  ~ iould  be -01 

per  cent (10min) o r  lurn.  This can be considered as an insignif i cant change 

i n  s i z e  and would not degrade the expected qual i ty  of the superimposed 

image, 

6.3.7 Angular l?otat iond Variations of Optical Axes --- - ----.....- 

The angular var iat ions of the irlput opt ical  axes can be considered 

f o r  the most severc and c r i t i c a l  m i ~ d i t i o n  \vllich would occur ~ihen the 

input pllotograplly was cx~osed  a t  d i f fe rent  t ines .  In t h i s  casc gross 

e r rors ,  rc la ted  to  tlie a i r c r a f t ' s  r o l l ,  pi tch ancl yni ,  would seriously 

complicate the r eg i s t r a t ion  of the four images . The logical  assumption 

f o r  mnultib,uld pllotography is tha t  the fo~ur frames t o  be superin;?osed 

51 the IT.RT were "no111i_ilCd ly" exposed s in~ul  tancous ly  . A related assumption 

is tha t  a l l  four camcras a re  fixed moulf2cd together upon one homogeneoi~s 

s t i f f  s tn l c tu re  with no re la t ive  deformation occurring cl~trjllg the expostxe 

period. 'I'lris , i n  essence, el5ili11atcs a l l  clyl~arnic errors  relatctf to the 

eruncra ins t a l l a t  ion 'mil vchial lar  per folmn~rce during exposure, 'i'fie r c  - 

main i~q  angular r o t a t i  onal var in t  ions arc? tllosc (ILIC t o  vnri a t  ions jn 



canera. ,112 v;ox-st case coxditi on l o r  sllut i-cr sy~i?ctl arid sy~lcl~i-o:~iza t ion  

is collsidcl-cd t o  be 4 m i l  lisccontls ; ref .  3 .I.  1.. 2.4.1. a .  (5) (c) Sllutter 

Syllclll-oni zat  ion, 13.3-10 of Spc:c. LISC-l\?'I'--I~-G!l and 3.1.2.5.2 Jntervalorneter , 

p.3-18. With an o r b i t a l  a l t i t ude  of  220 l l a ~ r t i c j l  lnilcs uld 6" foca l  

length lenses ,  tllc s ca l e  of t1;c f i lm is  

The o r l ~ i t ~ d  veloci ty  f o r  an nlt ' i tudeof 220 naut ica l  n ~ i l c s  is about 17,5001n?ll. 

The i~nage displaceii~el~t on the ground, due t o  a var ia t ion  i n  e q o s u r e  

syndlronization of 4 m i l  l i scco~lds  is 

The image displaceil~cnt on the f i lm is 

This var ia t ion  of alnlost: 1 2  microns can occur be"n;lcen cameras syncI-r~-o~~ized 

to  an accuracy of 4 milliseconds and only represents the  varia'tion due 

t o  the 111~tion of t l ~ e  growld vector.  Tl1i.s va r i a t i on  can be considered 

t o  occur in  e i t h e r  S o r  Y , or  coinponenets of  both,  dependi.ng upon cxncra 

axis oric~ltc?ti.on t o  the  gro1u1cl track.  Other var ia t ions  can occur cluring 

the 4 millisecond syncl~ronization e r ro r  ~\rhj,cll arc  re la ted  t o  the vchiclc  ' s 

o r l ~ i t a l  steadiness , Throngllout the f l i g h q  tl1c vvchiclc is sta1,ilized 



brfi11; ~nai~~tiii;; , ,~; l L r ~ ? i m - t j  c:<I "di  t l i i j ~  cc I T:>:~I  ~ t a I j j - 1  i 7 ; ; t i ~ n  (;>;>?I j ~ L I ~ ~ c )  :I:IC~ 

st-cadincss (rate)  c0ns.t-rctints . O f  these two f ~ c t  GI-s , t h c  st cadjness 

constraj n ts  are the  most s igni f icant  m d  arc war thy of cvnluation. ?'here 

arc  three mntlt~aal ly pcrpendi cul a r  axcs about ~illicll the vchicl e is s t a -  

l ~ i l  ized, lllese a re  i t s  1311 (4)  , pitch (to) and yaw ( K )  axes. Sincc 

the vehicle ' s c1)rnxnic c11;ractcr is t i c s  are  ttr~l~-~o::rn a t  th i s  tilac an analy s j s 

1iil1 be rilade on the basj s of the specif ied para~fictcrs arrd dctennining 

\illat is the ~ ; ~ a > r i r ; ~ ~ u i l  pez-nliss i b  l c  s tcadiness r a  t c  which 1i7i.l l pennit a t ta ining 

the specified pararnetcrs. For the cmeras lie have the following: 

focal length = 6" 

shut te r  speed --: 1/250 sec(4milliseco1lds) 

resollltioll objective = 130 l /mn  (Figure 6 . 4 )  
(of lens - f i l ~ n )  

Using the Curves of  Resoluli-on versus S tab i l i ty ,  Figure 8 of Flycon 

bfanuf acturing Corilpmy's "Aerial I'hotographic lieference Iiandl~ol?"' we 

- 3 f ind  the maxi~nuln allowable s tabi l izat ior l  r a t e ,  or  stcadincss,  is  6 s 10 

rad./sec, (0,34"/sec). J t  sl~ould be noted tha t  t h i s  re la t ive ly  low ra te ,  

o r  high degree of s teadi~less  , corresponds to ;-oi;linal . perfon:lrulce obf ained 

with present s tatc-of - thc-ar t  s tab i l ized  cafilcra mount performance of 

~nanrled reconnaiss alee a i rc ra f t .  

Aside from the location of the i npu t  iilr:~ ineager)~, <mcl i t s  var i -  

atiorls f 1-om -Ti lril r o l  k t o  f ' i l ~ i l  1-01 1 ,  there arc ot11c1- vnr i r i t ions  o f  "ijc 



op ti ccl r?xjs i i l~icl i  czlir O G G I I ~  ;:'j i l l in  11:~ vi c;:er , 1'11~ li,,sic a'o(i;iS r~ :~~~d~i" i  

is  t k t  oiicc: ea-li of  "tile o;lt ical  a c s  l i c L c ,  lic tlci t L: , I  i :cl, l i i c y  cz!;-i I;? 

aligiled t o  each otllicx with a lli $11 dc,n.rec o r  accuracy, I t is assu;,;~d 

tha t  t h i s  a l ignncr~t  oP a11 the opt ica l  systciqs i s  donc w i t l r  ctlcll s;lstc~;t's 

op t i ca l  elcme~zts (Icnses,  ~ n i r r o r s ,  glass platens,  e t c , )  fixed ancl opt i  - 

mizcd f o r  iriirlinslm aberrations.  Another consideration irllleralt in  the 

bns i c dcs i p  of t h i s  Q-pe of opt ica l  i.ns t I-tunent is 1:hnt the support 

s t ruc turcs  aid a l l  matcsiab used,  be absolutel.)r st :d~lc and tha t  there 

be no djmensional cll:algcs resultirrg from vruiat ions i n  time, ten~l~era- tu~e ,  

hun~idity,  e t c ,  Tllcl-efol-e , a l l  materia3 s used sllould be completely an- 

nealed and s t r e s s  relieved a f t e r  macllinjnrr, ,and a l l  opt ical  componenCs 

and support s t ructurcs  slrould be analyzed against creep, relaxation and 

other  minute and long time duration dirr~eilsiorlal vari  a t  ions. Ad just~ilcnts 

of the individual opt ical  pro j ec t j  on sys tern ele~ilents cul be made zf ter 

t h e  pa r t i cu la r  opt.ica1 axis is oriented but care  r ; l l s t  be taken to  enswe 

t h e  s t a b i l i t y  of these adjustr~tents . 

6. 3.8.1 1.fin-ror Cons i t lcr :~t i .a~~s 5 --- 

Consider the e f f ec t s  of a lnirror used i n  the projection sys tern 

t o  fo1.d the opt ica l  path. The mirror n~ust 1x3 f l a t  t o  wirni.11 one wave1 cr!r,t1l 

t o  ensui-c equal re f lec t ion  i n  both tlic X and Y axes s o  tha t  no astigmatic 

var iat ions occur. I11 ordcr to  a t t a i n  a hi811 degrce of f la tness  the thick- 

ness i~iust bc great  enougll, r e l a t ive  t o  i t s  s i z e ,  so  that  the Elnt~lcss 

is mair:tai~~ed and is not affected by i t s  ~ n o i ~ n  t i n g  posit ion or icn ta t i  c11 

a11d niounting or  cla;i-plbnp; forces , Ad justmcn t n~cchani sms slloult'l Iinve 

a firlc tlcgrce o f  corltrill o r  precision s j ~ r c c  an :ui!:ul;ir. adji;s!rncl!t of 



L secor~tl of  a rc ,  of t!ie rnj.~:rol-, uci:l.ilts i n  2 sccolids o f  a-rc &ic;pl;icej;:21ltt 

. . . . f I ,  Corrc;yj,3j?d:ii1)~i\? I P j . ] j ~  < : ] ; . : , ; ; > . J J ~ ; : < >  cy j~.:;iij:; ::['-c;l" I.]::., ::.tj.j~~s,;,- 

mentiis nndc should not clla~ge tlic: rngle ,  

Sirrcc all f o u r  images a rc  projectecl upon a s inglc  screen it is 

not feas ib le  to  have tile screcn as an ad jus ta l~ lc  corr;r)orkeilt of t l ~ c  pro- 

ject ion system. Therefore , it has bcen cons iderecl tha t  tile input E j - l n ~  

plane o r  projection gate is adjust-able 7eve11 thoug11 it incol-poratcs a 

mucll great cr tlegrce of complexity and seconda~y corapl i '2 t ions . 'ff lc 

primary essential. requirement of the pro j cction screen lloiG bccomzs f l a t -  

ness. Since the screen is on tllc long coxrjugate s ide  of the projection 

sys tem i t s  requiremcrits arc I I O ~  as exacting. Iiorirever, unlike simple 

projectiori sys terns, the P1.N has four separate images proj ectecl up311 the 

screen. Since the four  individual systems require sonie o f f s e t  fron 

the comixon center- l ine,  as shown i n  thc top of Figure 6 . 8 ,  tllcrc, are  sonre 

angularit ies to  be considered. As can be seen from Fj  211re 6.8,  tllc r a t io s  

of image to object distances (A; Ol/AIO1 versus 13; 01/13101) remain con- 
1 I 1 1  

s t a n t  and therefore,  tile s i z e  of the images lllil and liiCi w i l l  r a w i n  

tlle sane so tha t  no -qegistration problclrts w i l l  r e s u l t ,  Also, it is con- 

s idered tha t  in the d is tor t ion  matching of the indiv ic lu~~l  lenses ,  the 

pa r t i cu la r  lenses selccted .rilould havc: bcerl pptimizcd f o r  the par t icu lar  

of f -  axis angular presentation reqi~irecl by the design, 'fllere is a 1-e- 

s u l t h g  variat ion i n  the resolution o r  jmagz q u a l i t y  117ith reyycct to  tile 





??leoi-clrcally,fc;rr ;?:r ojit:i~,ii_zed i~:.~:igc. t j : ~  ; i l l ~ y ! ~ L i ~ i . f ; r  ii '~llJd I " C S U ~ ~  i i i  d c -  

gr2clecl l - ~ : ; o l ~ l ~ , ~ . O ~ ~  .c::&l: i1~;i~;c~l-y at. 2.11:> ~ l - l c l s  of the: ~ ~ . o l - i l ~ ~ ~ t ~  A :111d V ! ~ C I  <::.is 

irnagcry '4 0:~;: tllc ccntrril pc)~-:::i.oj~ of ;ihe 51)7?i13t lec;uld lie uridir:ilgc:il. 

Ag5in however, i f  the four lcnscs a re  selected and mntchecl frog1 a largc 

enisugh saiiple, :uld th i s  se lec t ion  is  done under a siri~ulation of the de- 

s ign  conditiorx , t h i s  addj t i ona l  e r ror  source call be ~ninin~ized. 

6.4.  Error S U : T I : ~ I ; ~ ~  --- 6 

6.4.1. Inlagc Rotation Error (8) 

IVith aitled vier\~ing (magnification) and ,711 image rotat ion mccllanism 

capa11le of rcpcatablc p s i  t ioning to  within 5 " of arc ,  tllc resi'riu,d 

r e g i s t r a t  ion e r ro r  is approximately 1 nticron. 

6.4.2 Image 1,incar Displ accmcnt Errors (X and Y) -------- - 

Precision l inea r  displacc~ten'c n~echanisn~ for  both X and Y can 

reduce the rcg is  t r a t  ion er rors  t o  the mtcron level  ~ i i  th  appropriate viewing 

and control capabili ty provided to  the operator. 

6.4.3 Scale Variations ( Z )  

111e expected sca le  var iat ions 1 5 ~ ~ 7 ~  calculated to bb . O l  per cent 

\vhidl, \illen reclectcd t o  thc  l a rges t  s i ze  d e t a i l  object of in t e re s t  of 

1011rn1, is rcsolvcd to  be 1 micron. Evcn i f  applied across the en t i r e  

format s i z e  of 2.25", \\iould only r e s u l t  i n  a d i f f e ren t i a l  var iat ion of 

5.6 microlrs f o r  the  orst st c,ae contlition. Therefore, i f  the values spcci 

f i e d  i n  the camera specj f ica t ion  are mcL it is n o t  even nccess;ll-y to  

pso\riLfc an acljust~ncnt o r  rnealls oP c o r r e c t i n g  f OY tllis s~:lal l an error, 



. . 
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and exactjng, t hc  possilile var iat ions of  tile optical  2x1s ~311 T C S U I ~  j l l  

image disp l  accrncnts 2n;ourlt ing  to 1 2  rnicrons . Ilicse int:lgc displaceil~cnts 

can be i n  eit l ler X ,  Y or  0 with respect t o  one f i  l n l  f r anc ' s  format re- 

l a t i v e  t o  a ~ o t l ~ c r ,  o r  the others .  Thcsc e r rors  will l m r e  t o  be accounted 

f o r  by the operator a s  three ( 3 )  r eg i s t r a t ion  adj~~7t111ents bccause of 

loz ica l  exposure tir:;~ vari ations . If: all  the irn3gc1-y were cxposcd 

tllrougll one s ingle slluttcr and had t h e  exact sanc c;q)osure tii;lcs, thcsc 

er rors  \\rould be elirilinated. 



7.1 S C O ~ ~ G  

'Ihis spccif ica t ion  dcfi ncs the design of rr Precis i on t~fultibnnd 

Vicv~er, I lercinafter 1-efcrred t o  as PPW. 'Ihc PhN is to  bc used. for  tile 

screening and precis j on alalys  is  of mul l  tiband p!~o%ogr~ipl~ic 2nnger)r 01, - 

tairled with n~ultib3l1d pl10togri1pl~j.~ sysfie~ns to be used by the NASA. 'lhe 

Ill.fiI shall. bc ins tallecl a t  the rlmned Gl3acecraft Ccntcr and will Ile a- 

va i lab le  f o r  w e  by the Earth Ilesources User Agencies and Princjpnl. Jri- 

ves t i ga to r s  . The l3hAT sllall be dcsigned t o  accom~mclate , as possible,  

mu1 tibalcl imagery obtained froin o ther  cm,era sys teins . 

7,1,1 F u n c t i o ~ ~  

?'he PlIV s h a l l  be capable of superimposing four spectral  iinnges 

tll.ruugh opt ica l  projection ineculs t o  the accuracy specified herein. 'kc 

capabi l i ty  f o r  valyirlg the hue, in tens i ty  and sa tura t ion  of the resu l -  

t an t  inage s h a l l  be provided 51 accordance with the pararnsters specified 

i n  th i s  document. A capabi1j.V~ sha l l  be provided f o r  recording the su- 

perinlposed image on color f i lm fo r  fu ture  reference. 

7.1.2 l'rincipal. - Parts  

' l le PbN s1lal.l be of a rnodular design, c o r ~ s t n ~ c t e d  as an assembly 

of d ~ e  folloxing sub -sys tern modules, so  tha t  a d v a ~ c e ~ z n t s  i n  the s t a t e -  

of- tllc- ar t  of  die various teclillologies eir~ployed, can bc effect ively i n -  

corporated a t  some future (late: 



Fj 1111 I ' i - a~ :~ ]~~r t  St{b -s)-st ~ I I I  

1)rccision IIc?,;i s i ~-:;tiorl SLil) -sys"L,i~ 

Pro j ec t ion  Opri cs Sub -sys ten1 

Cooling Sub -sys t c m  

Iinagc l i e co rd i~~g  Su?,- sys te~n . 
Struc tura l  Support Sub -sys tern 

Each modular svbsys t e n  s h a l l  be desj.gnec1 and cons truc"icc1 so t h a t  the 

spec i f ied  pcrfonntulce requircnwnt s l la l l  be met h r  bot!i the  moclular sub - 

sys ten1 and the  asse~ltbl ed vicwcr systcrtl. ?lie capabi l i ty  f o r  Ctiture 

gro.r~t.ll and modification s h a l l  not be construed t o  qualify the pcr fo~mmce 

object ives .  

7.1.3 Class i f ica t ion  I --- 
The I>i\nr s l la l l  be a f l ex ib l e  1aborato1-y model d c s i g ~ e d  f o r  m,zuimum 

v c r s a t i l i  t y  . I t  s h a l l  be designed around o f f -  the-shelf  hardware, wherever 

possible ,  and a l l  tccluliques involved must be within  the current  s t a t e -  

of- the-a r t .  

7 .2 .1  General 

The following doc~nncnts , of  the i s sue  i n  e f f e c t  on t h i s  date ,  form 
, 

a pa r t  o f  t h i s  spec i l i c a t i on  t o  t l ~  ex ten t  specified li~crcin. 

F41L-11-27893 I I ~ ~ i ~ c ? i l  Ellgitleering P\ec~uiro;~lents f o r  A.jrospacc Sys terns 
(; I3qu ipn~cnt 

1~111,--?tf-2651 2 > k ~ j ~ l t  a inz \ ) i l  i t ; , r  Rcqui re] J C I I ~ S  

11G- 021- Kl'S Accepl ailce 'Test T, Cn l j brati  cn Spcej f i c;t Lions f o r  tile 1'i.fir 



S t a ~ ~ d a r d s  --- 
1.111,-STD- 1 SOA I'hotogr~tphic Lenscs 

MIL-STDL24343 Spool, Acrid- lbll Film, 70mm 

ED-STII-595 C0101-s 

7 .2 .2  O-~t l ine  1nstallat j .on I)rx\lin:; ----..- --- 

This dl-awing fomls a p a r t  of this spec i f ica t ion  arid s h a l l  be sup- 

ple~nented by tlre necessary i i l tcrface arci operational requirements, which 

is dependent upon A W A  Earth Ilesourccs planning, \vl~icIl .rvj17. be supplied 

by t h e  NGA. 'Ilie diincizsions spec i f i ed  i n  t h i s  drawing a r c  dcsign goals, 

Any design exceeding these  dimellsions s h a l l  bc seviewed by the  NkSA/: SC 

KG- 321 -111 P rec i s io~ l  i 4 ~ l . f  ibancl Viewer, Outline Drawing 

RG- 321 -112 Precis ion blul tibalid Viewer, C C J ~ ~ ~ V ]  P;~llel nralirinP 

7.3. REQUIREI\F~NCE 

7.3.1 l'reproduct ion Drawings - 
Vlis specification provides f o r  the  c r i t e r i a  clef in ing 1101\7 the manu- 

fac tur ing  drawings a r e  to  be made, Tlic drawings s h a l l  be of good co~:i- 

mel-cial p r ac t i ce ,  110 freehand drntrings o r  sketches sl-rcdl be Eumishcd. 

Schel;~atic and wiring diagrams sllall be provided ~illlich f u l l y  depict  a l l  

the  ~reccssary e l e c t r i c a l  data and in t e r co~~nec t ions  f o r  rl~ainterlaricc ancl 

repa i r ,  as well  as manufacturirhg. 







In s e l e c t i ~ ~ g  tile pzi-is ant1 1::s t c r i  XI 2 , f ~ i i  Si P l r n i : l , t  01 I!lc c lcs i .~ :~  

requirements s l ~ a l l  bc the p r i m  consideration, 

7.3.2.1 Standard Parts -------- 

1% and A\ stcu~dnrd par t s  s11n11 be U S C ~  t o  the greatest  extent.  

Suitable coimnercial. lmrts  msy be used whenever approved. stmdal-d 

p a r t s  a rc  not ,crvi~il.able to rt~eet the tlesigrl require~nc:nts o r  to  s t~pport  

bkter ia l s  used sha l l  be of good qual i ty ,  en t i r e ly  suj.table f o r  

t h e i r  intenclcd pu-qose. Materials sha l l  be f ree  fz-0111 c1efect.s and in- 

perfect  ions tha t  lrligllt a f f ec t  the pcrfoz-inance, servi.ce,?l>ility o r  ap- 

pcarance of the f inj.shecl product, 

7.3.2.3.1 Cormsioll Resistance 

l l ~ e  PFN sl la l l  be constructed of iilaterials rcs  is talt to ,  o r  sui.t:ll~ly 

t rea ted  to  r e s i s t ,  corrosiorl by dcmp a i r .  Trotective coatings tha t  w i l l  

chip,  crack or peel \.!it11 ngc s h a l l  ]lot be used, Finish s h a l l  be color 

numb e r , i n  accord,mcc wi th  F1:l)-STD- 595 , 

Ilititerials capaljlc o f  proclucing ci3i-igcrons g x e s  or  otllcr Iiar~~iTc~l 

toxic  affects  undc:im corldit i 011s o f  lligll al~liticnt t ~ i ~ p c ~ : t t u ~ - e ,  ir-tc'l uding 



f i r e ,  sl-l:t14 n o t  I>e r ~ e ~ i ,  '171e \ ise oT tcTl 0i-t crivel-cd 1.:: , l~o::e\~c?-., sli,ll l 

be allcs\~~:ct. 

7.3.2.3.3 Funnus Iic~sistancc --- --- 

Flaterials resictmlt  to ftingus growth s h a l l  be u z d  to  tlre maxj-l!nlm 

extent  possjblo. ill1 other  n i a t c r i ~ ~ l s  s h a l l  bc trcatc;' t o  r e s i s t  thc 

gmwtll of fungi. The fiulgicidal agent: s l la l l  bc appllc: 1 only rdlere nccdcd, 

to eclilninatc tllc trcatj-rq: of areas not reqiuirccl t o  be treated. Tlle fung- 

i c i d a l  agent s l la l l  l>e non-toxic to  personnel handling the ec~uipmcnt, 

7.3.2.3.4 Fla~!unai~lc tlaterj n l s  
-----"- 

blatel-ids rvliidl will igni te  o r  cxplodc from an e l ec t r i c  sp3rI:, 

f laliw , o r  heating, amrl which , i f  s o  - ig-rrited, w i l l  in2cqjendently sup- 

por t  ca~i l~us t ion ,  s h a l l  not be used. 

7.3.2.3.5 I>j.ssj~iiilar Jkta1.s ------- 
Unless protected a g a i n ~  t e l e c t r o l y t i c  corrosion, diss imilar  metals 

s h a l l  not be used i n  intimate contact with each c'~t!ler. 

7.3.3 Design Corlstruction -- 
?'he supplier  s!laJ.l provide equipment tha t  llas been designed a l c 1  

corlst.ructed i n  a nlarlner en t i r e ly  s u i t a l ~ l e  f o r  the p u l ~ o s e  intended. 

7.3.3.1 Envi roimiental Conditions - 
The I:\.W sllrill meet the requircinents specif ied hcrcin \*~llcn suhjcciud 

'I'wo (2) levels  of environ~nentnl perfol-n~nnce arc involveti: 

Level. 1 - 141c I':W sh;ill co711pl.y \ t ~ i t I l  tllis s p ~ c i f i c n i i o n  ~ : l l ~ " i ?  



operating n"iL,cvel 1, 
I 

Lc'irel 2 - 'Illis is a liii:i-opcral-ing eiiirlmr~r!znt that rcciai~cs 

eciuipn~snt survival and allows f o r  iilaintainence ad- 

justntznts before using the E\W but  does not allow 

replacing o f  p a r t s ,  

7.3.3.1.1 Tenq~erature -=- --Ambient Air: 

Level 1 +SO0F to +9O0F 

Level 2 -65°F to + I - G O O F  

7.3.3.1.2 i-Iwnidity - 
For the range of te~npcratures specified i n  3.3,1.1, the re la t ive  

humidity ranges are': 

Level 1 40 to  90% 

Level 2 10 t o  100% 

. The F%N s h a l l  s a t i s f y  the conditions f o r  Level 2 including f r o s t  

and corldens a t  ion i n  and on the equipment. 

7, 3.3.2  Power 

The PhlV s h a l l  be designed t o  u t i l i z e  60 Ifz power providccl i n  "iWE" 

connection, four wire f ol-nlat with 115 vol t s  between neut ra l  and any phase. 

Power consumption s h a l l  not exceed T 6,000 watts t o t a l ,  f o r  any node of 

ope raf; i ~ r i  . 

7, 3.3.3 Power and Circuit  Grounding -- 
Tire cllassis ground and cabinet grow~d sllaEl be isolated From the 

c i r c u i t ,  sh ie ld  aid power supply  ground revurns exccl3t a t o n e  point 

i n  the I'bIV, A t  t h i s  s ingle  p o h t  all grounck sha l l  bc con:~cctctl t o -  



7.3.3.4 (bol $1:~- 

Trle P;.nr sllall- bc a i r  cooled {or 1 ~ a t  reimval. and s:,t-~ll contain 

a l l  necessa-ry pl-ovis ions f o r  noving the a i r .  ?lie equip; n t  shzJ ill be 

clesig~~ecl to  rnirlirnizc the gerieratictn of lieat ajlc1 s l l n31  1rc.I clcgraclc ?he 

perfornl~lcc of the opt ica l  proj cct j ~n sys t a n s  . Ilrat remv,d tlirougll 

the use of mccllaical heat sinlis ancl concluction thro:~gh  lie uni t  f o r  

d i s s  ipat ion by racliati on, shall be cons i d3rcd i n  the cqcj pnent dcs i a r  

t o  minii:lize the crt.pacit)l of tllc forced a i r  coolirlg rcqil1:-cmcnt, In- 

takes f o r  cooling a i r  sllall be f i l t e r e d  to  prevent entr::zce of d j r t  and 

dust ya r t i c l c s  ~dl ich  \iroul<l degrade precision. 

7.3.3.5 s izc  - 
Tile PhIV s h a l l  conform t o  and fulctiorl proj>erl.)r 1:ithin the space 

envelope i~ ld ica ted  011 tllc Outline and 1zlstal.lation 11ra:ciing of pal-agrapll 

7.2.2. If the PFN des igrl cannot conrply with t h i s  goal a?proval of the 

NASA/hSC teclulical monitor s h a l l  be obtaillcd p r io r  to  the d e s i p  frcezc. 

7.3.3.6 \Vcight -- 
Tile t o t a l  Prnr ieeigllt s h a l l  be a mininlum cor~si.stent with good dcsiLgn 

a13 s h a l l  not exceecl. the weigI1t specif ied on tlle Outl.inc. and I n s t a l l a t i o ~ l  

D r ~ i i n g .  



7 ,IS. 3 . 8 1 i~.!;-~i;?i-i il:aci-i;j.;; 
--.-~ 

Tlle I)i\lV shal.1. be tlcsigr-icti t o  pro-\rj.dct the mraxi~nts~ c q n l ~ i  l it,y h s  

eff iciency of t1ci-it-r opcr-%.ling cvld rni1i.n tennn.ce perso~mel.. Tile dcsi.gp. of 

the integrated di.sp1. zty and Co:~trol iipdulc s h a l l  eniphzsise ease of v i e w i ~ g  

wit11 convenient I.ocatj.011 of tthc cont1-01~ s o  that  easy flcxih.i.lity is  pro- 

vided, 3-clati.ve t o  nta~ipulat ing the  various parameters of hue, brightness 

and satul-at ion, fo r  adlieving the ful L capabi l i ty  of color przsclltations 

fro111 mui t ibancl l~hotog~~aphjr, and f o r  easy rapid t-egistrati-on of the four 

images . A f u l l  -scal.e rmckLip of  the display aild tontrol  nodule s h a l l  be 

prel>;lred a f t e r  tllc desigil clef i n i t ion  plrase. This n~oclalp dcs ign r:lus t be 

approllecl by the NiGA/I\GC tec11nj.cnl monitor p r i o r  to proceeding 11rith t!lc 

d e t a i l  design. In  gener'd, dle I'?vRI s h a l l  bc desigmed t o  rncet the f o l -  

lowing cond it ions . 
a. The F)Alir shall be en t i r e ly  su i t ab le  . fo r  use in nonnal and sub- 

ducd ambient a r t i f i c i a l  room l i g h t .  Tlre ambient l i g h t  range 

for  the display and corltrol area w i l l  bc froa 10 to  4 0  foot 

candles. 

b. Tile type aid location of co~ l t ro l s  and adjrstments sllall pro- 

vide r e l i d ~ l e  operation f o r  ~Irolalged tilne pcriocls with a 

~ n i n i ~ n u n  of operator fatigue. Tllc t).pc and location of con- 

t r o l s  slaall lmve p r io r  approval 1)y tllc 3flS.A "cclu~ic,?l nlonitor. 

c. Opel-atioll, ~~irtintenalce aild safety ins tructioll pl a tcs  , f i l i n  I 

loading ancl threadj ng diagsn1~~5 ,s, sc1)crnatic dia1;rarns and ;c~y 

speci:-ll a1 ig~ililcIlt proccitrlrcs 31td tecllnic{l:cs s!; rrl l be pro\~i  dc:i 



7.3.3.9 1klini)i l  i ty 
->- -- ---- -- 

Tlle P;W slirell LIZ clcsigr!ctl t o  provide the I-cc11:il-c.G ;>crfoilna;lce 

f o r  500 Ilours , nican- tiice- betvee~r f :riilures (Ifl'Bl:) , tll r l i  ~najnte~larlcc 

other  tlla~r I an13 rcpl aceir,cn t , :Vi'cll rout; 11c ~nainten:?~lce, the equip::lr;nt 

sllal-l provide the required. l3erfon:;:nce v:i t1;out degrack c  lo:^ f o r  GGOO 

hours. 'The service l i f e  s h a l l  be 10 years with r o ~ i ~ i ~ ~ i -  maintenmcc and 

repbacancnt 05 par t s .  

The me;m-ti~rte-t:o-rc~?~zir (?fYl'R) f o r  the P>bIlr sha l l  n o t  be nnrc than 

30 minutes. The maintainabili ty provisio~ls sl lall  incl ::tic: 

a. Test Poi.nts 
---a- 

Proper quantity a t  s igni f icant  points ,  ccnpat ibi l i ty  

wi th  normal t e s t  probes, ease of: accessiljlity. 

Co~ngonent i t la l t i f ica t ion ,  c i r c u i t  card f ocat ions, p01i7cr 

and g~vulld ~ i i r c s  , cab1.e~ , t e s t  points,  tennilla1 s t r i p s ,  

tenninnl lugs,  connectors, e t c ,  

c. Indicators - 
Fault  l i g h t s ,  s t a t u s  1 iglits os impor te~ t  c i r c u i t  co:ldi tjorls , 

power s t a tus  indicators ,  n~ndc l igl l ts  , ai r f  lori, tlicni~al con- 

d i t ions ,  e t c .  

111e rlcctl fo r  mic~ilc t c s t t o o f  f-; or  test cr~:nilwcnt sh:tli bc 

minjmized ; st.;u~clarcl t e s t  ect~iipncnt ;mcl pdrsoniiel tools sl:?ll 



1 3 ~ 2  t l l  1 i . / , ~<?  c 

e* * ~ - ~ l - i c ' l ~ ' ~  ' I c < ~ i r : ( ;  

q lc  I):.IV s11al 1. bc d c s i i ; n ~ d  t o  incluc-Jc acccss ~ " ~ a i c l s ,  suf-  

ficj.cnt cable l ~ i l g t h  2nd cool il:g) as I ' C ( ~ I I ~ > * C ( I ~  t o  allow 

maintc:nal~cc: pc3.sorinef access t o  the t e s t  1;:)ints \tlllj l e  

thc ecpip~ncnt. is operating. 

E. 'bdulsr P~*o~rjsSons ------- -"-- 

'FIie P ~ T I ~  s11,all be org:ddi3zcc! a s  all assaiil~ly of functional 

modulcs each of ~dlicll is designed t o  allu~ii ease of opcra- 

,tor ~ ~ a i ~ l t e ~ l a l c e  lIef0-r~ 2nd a f t e r  assen11)l.y m d  i~ l tegra t ion  

in to  the Pilhr. Si~nplif  icntion and rlliniaturizatj on is cle- 

s i r ab le  and maxknum star~clnrdiz a t ion of conqmne;lts sha l l  

be employecl i n  the desizn of the equipment. 

7.3.3.11 t11idi.o Soise 

?'he noise emitted from tllc equipnient slrall not cxcced SOdb a t  a 

distance of  tllree fcc t  from any external surface of the E N .  O deci lxls  

is defined as lo-'' watts per square centimeter. A i r  noise froin cml ing  

devices, such as blacicrs o r  fans,  sha l l  ke minimizccl by s izing the cross- 

sect ional  flo;ir areas t o  provide relative1y large flow of a i r  a t  lav velo- 

city. Separate o r  renl~te ly  located cool ing sources are not des ir 'able. 

A l l  modules and components llaving tllc samc part number sha l l  be 

f u l c t i o i ~ n l  l y  a l c l  dimcnsioi~ally i~lterzhri~-igeable. The nu:t&er of d i  rferen t 

types of ~nodulcs u t i l i z c J  s I1~1l  be deteni~irlc~tl i n  the  design def in i t ion  

p ] l ; ~ ~ c  \,ritll tlle brc;i]\do:eI? of p;iraGrnp!l 7, '5, 2 C Q : I ~ ~ : ~ ~ ? J . P ~  i 3.; ;i c l ~ ~ ;  i:,!l ~ 0 ; :  1 , 



7 ,3 a 3 ,  13  ]l..r:;l: ~ i n d  i.,!? if:. i:il:.!' -----. --------- 

Tllc fi\W s h a l l  bc dcs jgned C'S four integrated vielccrs ~dlose pt-ojcctccd 

images s h a l l  be capable of being precisely sulxrin~posed on a scr~cri. f o r  

viewing o r  pr jn t ing  a t  various magnifi.ca t ions,  Each o r  thc four separate 

conveygcnt op t i ca l  sys tcnls sha l l  have individual i l  luinin at. ion sys tcms so 

t h a t  the spcctl-a1 qu i t i  ty  of the l i g h t  used to  illwiklrr-tc each of the 

four f i  l m  r o l l s  can bc varied t o  o11ta.h any color presentation desired. 

11le il.l.umination of e3.dl image sliaI.1 bc contlvllcd by ncutral  density 

f i l t e r s .  'Ilie f>lV shal1  handle four 100 f o o t r o l l s  of 70nm Xihn and pro- 

vide fo r  precise reg is t ra t ion  of any 2-1/4" square franc selected from 

each of tile four  r o l l s .  The images s h a l l  be regis  tcrecl by manipulation 

of the X ,  Y ,  and O controls ,  Each p r s j cc t j  on lens s h a l l  have f ine  Tocus 

capabi l i ty ,  r e ~ w t c l y  controlled by the operator,  fo r  the various rnagl~i- 

f i c a t i o i ~ s  and lens a d j ~ s t n ~ e n t s  t o  correct f o r  d i f f e ren t i a l  shrinkage. 

Tl~e design s h a l l  emphasize hurnarl factors  engineering t o  assure accurate 

and timely i1lput.s of hu~nan engineering in1 onnation in to  the design c f  - 

f o r t  t o  produce an cf fec t ivc  ~:lan-~:~schine viewer systc;n. .4pplicaticn 

of data  md principles  of Iluncm perfcjr-mmce to  a l l  tlrc pllascs of pl-odr~ct 

. pl amling, design ald. development of the e c j u i p ~ ~ ~ l t :  sllal l be utilizeci t o  

mcaxi-nlize tllc perf oniinrice of operator : r i d  ~naintenmce personnel. i_l i the 

operation o f  the sys t~ l i l ,  Tlle clesigli o f  the P'iV slml.1 provliclc For fir~lc- 
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a r t ,  'I'lrese moilul. cs s h d  3. be cnpn!>l c rt f repl. xcc~i;e!~t r . ~ i k l l .  s i~:~il ar 

~norc advmced 111nci1.11.cs a s  the s tat:c -of -- 'cl~c-art of the various tcc1uiologi.es 

efiq~loyed, is advancccl. Appropriate ~<rorl;ing surf  :KC ~tntf ~\iri t i r ~ g  sllcli~es 

s h a l l  be provide to f ac i l  i t a t e  placo~~icnt of o p r a  tor  tcxtl~cll or recording 

mat eria1.s as sl~oib;~~ in I>ra\:ring RG- 321 -!)I, 

7.3.4.2 Displzy :mcl (;ontrol Sub -s)7s tcin -..-------- --.- 

Tfle integratecl clisplay and control sub-~)-stem 1113d1lle s~ial l .  ~) rovidc  

the capabil-i.ty f o r  l~lasi laun case of cpcl-ation, A f u l l  s cale ~mckt~p of 

t h i s  sub -sys tein slr?J I be preparec!, as per  paragrap11 7'. 3 . 3 .8 ,  r e y c s  entativc 

of the fo1.l oi~ing specif ied parmlcters . 
7 .3.4.2.1 Vicr;ri ng Screen ------ 

The vieli~ing screen s h a l l  be mountcd i11 the sub-sys ten a t  an angle 

c o ~ ~ s i s t e n t  wit11 di-awing RG-321-Dl. The material  s h a l l  be r ig id  and psv- 

vide a durable surface f o r  normal viewer use. Scrccn s i z e  shaI.9 be 15 

inches by 15  inches \vitlcll adjustable ~naslts t o  reduce the usable viclr.irrg 

area t o  6-3/4 inches by 6-3/4 i~rches.  'fllese masks slrall ]-rave separate 

X and Y rrcljustmcnts s o  tllat auxi l iary data ,  suclr a s  density s tep ~~ccliges, 

can bc si~nultaneous ly displayed. '1%~ viewing screen m a t c r i d  sIic711 be 

the result of careful stucly md t e s t ing  of various rear  projecl:j-on 

screen materials.  Tllc vic\iing scrczn select etl s h ; i l l  provide the 1x5 t 

co~~\t>ination of ini-r~e qkicrlity airtl bl.iglliiless over tlie spec t ra l  bni~ch~lidtll 

spccif ied.  Conf ras t  rctentioll, Prectlon frorn color mil capai> i 1 j ty of 

v j  ei\ling by 1.inr.e i l ~ a n  one iixlriv i d t l a l  sl>cill he i n l ~ c r r n t  r~c j t~ i  re~,~t:nts . 
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fox* easy 1-cplace1-113;i.t:, 'I'lle viei.!;.~-i{; scl-een s11a3.1 l-te 111o:r::-!:;it oiz sli.dc?s 

so tha t  it is cr-.pal.)l.c of exsy  ta-ansfcr out of thc pr~jr,..st.ion display 

area f u r  eit l lcr viciilhg the a e r i a l  ilnage \v.i.tIz the binocllar n-icroscope 

o r  fo r  i-ecording tllc clesirccl iinqe r i i  th  tIi,?.-imege rccot.cti.11g sys tcl:~ ifiodulc ." 
A 4 X (no~nj.rlal) r\ri.tle f i c  1.d r:r:gnifie?- slid. L be providetl cs l r~ i -  the vieiiing 

screen t o  aid i n  1-egi-strntion and f o r  \rj.evring hj.gll resclutioil clctAi.1. 

7.3.4.2.2 ..- Controls 

The follo~ving controls , dcs cribed i n  more (Ictai 1 i ~ r  sut~scqucnt 

paragrq~hs  , slrall be provided: 

7 .3 .4 .2 .2 .1  Xntc~nal  C~ntrol-s --- 

-End of Fi.lm S\>iitches 

Il lun~inntes iiidicator in display area 1~4len end of each fi lm 

ro 11 is approaclring a~ld mtomatically stops f i.11~ rl?ive. 

Operator actuates manual over-ride dlen 11e wants to  win.d o r  

rewilrd the e n t i r e  fi lm r o l l .  

-Platen I J ~ / D ~ I ~ T I ~  Switches 

I n f o ~ n s  filrli transports tha t  the platen is trp and tha t  f i lm 

can noii be s arely tl-msported. 1llunrj.natcs indicator near 

fill11 drive controls ard autematicdly in"cerl.ocks a l l  four  

f ihn  dri-vcs f o r  ganged opel-ation. 

-'Tl~cr~llos t a t s  

Kceps cot.rli~lg a i r  flo,$r a l t e r  I ~ i ~ i l l ?  sllut-of f 



7 -3.4. 2 .  2 ,  2 l:xtes~:o:!. (:orltrols ---- ---- .-----. -. -.-- - 
'llre fol. l.olili11~ controls,  as j.nclj.ca%ecl i n  Drawing JIG-321 -111 , sha l l  

be pl-ovidctf : 

- I1oi,rer Status  

-3Iagnif icat.ion Szlector 

-Fine Focus ( 4 )  

-Film 'Transport Naster Spced C o n t ~ o l  G Individual Ql/Off Switches (4) 

- Fihn Footagc Cowlters (4 )  

- Iiilage Rot at ion (4 )  

-Registration i n  X ( 4 )  

-Color Lamp I'ower (4) 

-Color Laxp  I.)irru:ung (4) 

- F i l t e r  Selector  ( 4 9  

7.3.4.2.3 IIig11 ~lw f j  C : I ~ ~ O I ~  yj 

171e display and contl-01 stb-systcm s?lal l  incorpxatc  a hig11 m g -  

ni i icat ioi l  vi c\di~lg capabilit)' f o r  viewing a portion of tile proj  ectctl 

ningnilicd a e r i a l  iiilagc. Ihis liigll ~sag l i  Ii cation vj  ciriny, sub- sys tc111 sllal1 

provirlc conlili~1o:isly vari:iblc, i:i(lc f i e l d ,  v j  ciring optics linvixg tlic 

cajx:l)ility o i  extc~icliiig die discr  c te  jiro j cctcd innp l j  ficatiolr 11y a factor  



.magni.ficat.ion projection system. 'Ilic ~nagn.i.fic.r;lii.on range ~. l1 ; i .11  be i ' ro~:~ 

betlieell operators .  '1'11s screen ilil?n:,c s11nl.l bc rlc~:.liitc?l l v  7 ij~c:les ~ l j ~ r i c ? ~ ~ ?  

by t he  n1.agnif icati.on of tlie zoo!n sirs tcm and the 1,jnocu.l ar eyepieces sl:;:? 1 

be aclj~rstable t o  s u i t  t he  needs of a l l  s ize op2rators in ~iccordancc: rii'rh 

existing conl~~iercial psac t icc  . No color  f r ing ing  d ia l  l occur \iri~cn clla~~ginp, 

ma@ification. 'Ihe n~auntj.ng arrai;gel:~-ilt shal l  be i n  accol-('lance ~ i l i t l l  

/ 

drrniing RG-321-Dl and s l l a l l  cnlpllasize ease  of usage aild human fac tors  

c r i t e r i a .  T l~e  resolut ion c a p a l ~ j l i t y  of the zooin opt ics  s h a l l  be G l i n e s  

per m i l l  irncdicr pel- power, 

7.3.4.3 I l lumination ant1 F i l t e r i n g  Sub -sys tern -.--.- .- 

Eacll of the four i.llunination and f i l t e r i n g  sub-systems s h a l l  be 

ide~l t ica l  in pe r fo~mmce  and cles iip wit11 s ta1dardi.zec1 pal--& and c o n ~ t ~ n c n t s  

used to  t h e  Iligllest degrce. ERCII l i g h t  source sl lal l  operate a t  a co lor  

temperature or' 3200°K and sllall. be cmpxble of p1uc111ci11g on irnage wit11 , 
h i d l  enough i n t c l ~ s i t y  and even brig11tnes.s t o  he suita1)le f o r  study and 

evaluation i n  a nol~nal ly  l igh ted  roan. Tlle in.tells i t y  a t  the viewing 

screen, ~ ~ ' i t l l o u t  f i lm (open gate) , sjlall. bc a t  l e a s t  600 foot-lrfinberts 

f o r  each irldividual ill.uminahion system on axis m d  a t  the rnnxilnurn en- 

l a r g c ~ ~ ~ c n t .  'rhe u~lif'onllity of i.llr~~nina"ion s l l n l l  1)e i.: lo t ,  including 

the corners . I2acls of tlle four  j 1 liu,lina tf 011 s)?s t c ~ s  sllrsll lic enp?l~l e 
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each ol: t l i~ .fo:~r c;l)tj.cal p~o: jc>ct ion ]~"t!ls. !7rovision s!lri..l.l. 'ijc nro~rj.dt?~l -for 

easy iiltercl1:i~l;;e o-C the  filters of  cad1 r-;111j-systcin f o r  tfisplaying t?le f ~ l l l  

cor,lplc~len-t of  co1~pos i t6  co lo r  ilnaseri. J::~c!l o f  t l ~ c  four !.I lui!li.na'cion a;~(! 

f :i.l.terin:; sub-sys tel-1s s l ~ a l l  have ; ~ r o v i s  i.on f o r  a t  lc:!st t11rce (3) Filtc?'s 

and a11 open il;:ert~.~rc. Olc o f  tllcs e "1. t c r s  s h a l l  !lave a do:;lillc?i~?: \vavi?!.e;-~gth 

o f  6151~11 -! 211~1 :LIKI 11o:~~i i~~al  c ~ l ~ - o ~ ~ i a t ~ . c i t y  c.oorcli11~tes o f  ( *  6 3  .{- -01. , 3:L k , 01) 

\vIlcn nec-lsurcJ l:!j.tll an il.luminant "Ci' soilrcc. '!'his f i l t e r  sllrill have a nomilin1 

bandpass of 1.20 t 511~3 and a peak t ra ls ln iss ion o f  90% t- I.%. 'Illc secontl f i l t e r  

s h a l l  ]laire a donlinnnt r ~ a ~ e l . c n g t ! ~  of 47:)nm ?: 5~11 alcl norrtinal ch ro~na t i c i t y  coor- 

di.nate ,of (. 1 4 1  2 , 01 , . 080 + . 01~) \dlcn 11lecisurel.1 1 5 1 . i . t l l  an i.l.lu;ninmt "C" source.  

'Illis f i l . t c r  ~1131.1 h:?ve a 11o;riinal band?:~ss o f  14011fit .?: 5nm a11(1. n peak t r an s -  

mission o.f n o t  l e s s  tlxin 652. The th i r i l  f i l . t e r  s1lal.l have a clo~ninent .r.:r~xrc- 

lcngtll  of  5401x11 + 2111i1 ant1 nominal cl l~:o~!~ntici ty coo?:dinates o f  (, 255 2 . 01, 

,690 -t- ,01)  hen mcas~iretl with an illui!:ina~lt "C" source, 'J'l!is fi.ltc1- s l i a l l  

have a nominal bandpass of 130n1:l 2 Sill1 xld a pea?; t r a i ~ s ~ l i s s i o l l  ~f not  l e s s  

Tile f i kn  t rans?or t  st111 -syste!ns s h a l l  provide the Irlearls For 19ovi.11g 

each E i l r n  r o l l  i l l  c i t l i e r  t l i rec t ion along i t s  lcn::t!l in preciisc ali.~r?iilc;lt 

wi t11  tllc fi .1~1 gn tc  . Al.1 :;tlrFaccs c o ~ ~ t a c t i n g  the f i l  I:) s1i;11 1 he po 1 isilc(1 t o  

~ ~ r e v e n t  i1an:rgc t o  tlic fj.1.1n. Fill71 f lni:-Ircni~t~ f o r  cnc!l F i l m  r o l l  sllall. 1 ~ :  

~ ? ~ - o ~ i t l ~ t l  1))' 0p t i~ ;11  1)' f l ~ : l t g l ; ~ ~ ~  p l : t t ~ ~  \.!lii.c!~ l l l l j  F c n ' : ~ I . y  t l . ~ i i ~ ~ l ; ? i  t I~T~\TP!c?I~",:~Is 

.fro111 &I 0OO0!\ to :)!looo:\ ;IIIL: ~,,?~FLc?I :-ll"c ~ ~ ~ l ~ . o ! ~ ~ , : ~ t i c ~ : . ~ l  I y 7.c:I c:i?;c{? jll.5 t: 171-i or lfi 
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gate sIlc?l.l be ncco~:i;)l:i s::e> i r l  1-es.~ tllnrl  onc ~-:.i.n~~::c: For c:ic?l 1-011 of f-i.1r.l. 

Pro-\r-i.s:i.oll silnl.1. 11c l!ro~~it'lcd f o r  acco~~t~soda t i r  c ~ ~ t  fi.1.n O F  7')1?m ~~!idi:ll ancl 

suf ficj.e~i1: 1cnl;tIr t o  pcn:li. t c2sy I~an:!li.ng. Eac!r f j.!,i?i transport s!ml. 1 l,e 

capal~lc of iilovi.n:< "ix film s::inotlil y a n d  e-\rcnl.y s o  that  it i s  sfi1.1::l.y \,;3:1nrl 

olito the s]>ools i n  s!~c?l a i:iairncr as to  !x-ccl.~~ilc ~i:trIis, c~:e,2ccs, nl>r,?:;i.ons , 

tern-s 01- o they piiys i ca l  dac!zge t o  the f i l i i l .  I:ac!~ f i lrl t ~ - n ~ ~ s l ~ o r t  slinll. 11;l.v~ 

revers i b l e  \:arial)le speeil dl-ivc cnpahili  t i e s  f ~ o * : ~  9.1. fcct:/:ni;l:.; t z  *LO I 3 0 

fect/~-iinute.  Fill71 rootn2c counters o r  intl .i c:ltors sha l l  11c n~o3,ritlcd wlii c'i 

arc capnhle of manual rese t .  'file coiultcrs sl lall  halie a resolution, or  l eas t  

couilt, of 0.1 f c c t  371~1 s ' i n l l  not Ilwe nil ;~cnrwl  nt ivc e r ror  ~ r e a t e r  than 

0.1.7 f e e t  a t  th:, errtl of 100 f e e t  of filr.1 t rave l ,  

7.3.4.5 Precision b,cgj s t l - a ~ i o n  Sub-s:rs?er~ 
-------.* -- -- 
The I? nr s h a l l  llavc a reqistrati-on cai~al~i l i l - ) l  of onc-half o f  a reso- 

l u  t ion  e le r~cnt  (S~iiicroiis a t  100 1 i n e s / ~ ~ i l  l i- ictcr) as cvitlcncec! 1)y t!-ic nro -- 

jectiorl ,mL1 s u ~ ~ e ~ i i n ~ ~ o s i t i o n  of four sejmrntc rcsoltitjon target  arrays coverin? 

tlic 2 1/4 iircll square Tol.~-lnt. 170ur idcntj  cal resol  iti ion trngct a r rqTs  , cacl> 

containiiig nine (!I) rcsol u t ion targets  , arc coils j clered adeq?latc for  t c s  ti112 

f i e l d  flalilcss :~n t l  resolution as  \$e l l  as registl .ation. 1Sch of the four PI-o- 

jectioii sub-3)-s te"~s slinll 1)e t e s  tcd ~ a i t l l  the t;il-g(>ts j l l  p1:ice airtl j 11 uni llntcvl 

w i t h  tlic tllrcc j)rj rnnl-)I colors 11s in2 tlic f i l t c l - s  prcvicjt~sly specif iccl. Regi 5 - 

t r a t  ion sllnl .  1 l ~ e  e Efcctj.\fcl y nccoi;l?Ii si-1ci1 11;: !,r:i!nasil.y provid-i.ng l,rcc isc 

axel rcpcn"iab1 e ;:ii.cro-r-1e1:sic :itlj 11s t::i:~lts of  cnc!i T i  I.!:! T-i.:vne C l  ntl-c~~ccl i ~ i  i t.:; 
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I f  > 1 1 ;, < ? L ~ ~ ~ ~ 1 1 ~ ~ ~ ~ ~  i r< ' ;'l j"> L; ( I \ \  ; T I ;  

a?jlc 3i'fc.c-i 2); s31:rilZ a ci jspi  ; cc ,~ i i i i )  o r  i r,;jc~-oii oiVcr  :: 10-i 21 r;:lrori 

of 2 c l i l  1i11iet crs . 13rzckl ash of c:,ch atij~nstc!cnt rr:ccli;.,ni F,; r ;f lnll  he e! ::'I - 

. . i n a t e ~ l  by ~rsc?::c: o f  sprin:;- l ondxl, -ric:ll- eo:~pcnsc.tirl~ met- 71; i sms and, i n  

a l ) r  event, sllal .I. n o t  bc greater thnr, I n~iccon. 'l'lle toLzZ c a i ~ g ~ :  of  2 

111il l i i ~ c t e r s  t rave l  s11;rll bc c:rpkblc of k i n g  co~rei.ed 51 n o t  morc "clrul 

20 seconds of ti~::e, lllese precision l ine3r  a d j ~ s t ~ i ~ a l l t s  or thc fi lm 

franc rc l a t ivc  t o  the opt ical  axis sha l l  be inctel>enclcnt ol-' f i lm trans- 

- port (X) ancl l a t e r a l  Ei l rn  posit ioning (Y) proirisjo~is,  ihe rotat ion 

(0)  mcchanisn~ s i ~ n l l  be indeyxndcnt o f ,  and not be affcc-icd by, the 

X and Y adji~stmellt ~~lecllanis~ns. I t  sha l l  be cap3133e of r*)tation t l l rou~;?~ 

an angle of : 3" i n  not nmre than 20 seconds of time n t ~ !  s h a l l  have a 

resolution capabi l i ty  of 5 seconcls of arc.  I:ilrn f la t tening,  ~\;llich is 

integrated with the fi lm transport  sub-systcm, s h a l l  not  a f f e c t  c r  d i s -  

turb the reg is t ra t ion  aclj us tment mccl~misms . 

7.3.4.6 P 1 - o j c c t i o n l ) 2 s t e m  

'Illc projection opt ics  sub-system s h a l l  provide magnif icatj .011~ of 

3 X and GX f o r  eacll of the four 2-1/4 incll squarc iniages. 'illese fixed 

d i sc re t e  pro jcc t io~l  maglifications,  1i11en used i n  conjunction witlr the  

4 t o  1 zoo111 binocular microscope of tile display sub-system, s h a l l  pro- 

vide a t o t a l  nlaglifisntion capa1)ility o f  3S throirgh 245. Eadl pl-ojec- 

t i on  lcns s h a l l  have i t s  dlt-omatic al~ersat ions tcs tcd ,  wit11 cach of the 

f i l t c r s  t o  be m e d ,  so  tha t  t h e i r  10~31 Pc11gt1-1 change \?ersus v:avelcrigill 

s h a l l  not cxcecd -! 0 . 1  per cen t ,  'ale short  conjugnte distal-tioiis of 

enclt lens (rctcli:il a~lcl tange~it i i : j l )  s l ~ r ~ l l  not be ~;rcntcl. "I~t ln  2 I; ~ n i c ~ o n s  
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- ' 
~ 1 1 ~ 1 1  t j i : t  ~ i ld l  I(',.> I>-:..' I ' ! j i L  L d . b ~ C ~ ~ ~ L ~ ' , l ~  Y L . - ( J ~ ? L ~ < ~ ~  

lirles per  nil I irnci 2)-  :it tIlc I I ;IY~I.S~I.II OI'I-:IXI'S c;llgle, ?lit curvz'iurc of 

f i e l d  s l?al l  be sucll lhat tlle prcccciiiig resolutio:l sfla3 1 bc tile mi nir i ;m 

obtained, rcfcn-ccl 1.0 the i i L i l l  gale.  l:.a ch prc) j cciiion l ew; shnll  be 

mountetl in l ~ ~ e ~ i s c l j ~  control lecl ~necll,m-lsr~s s o  .eillat very T ~ J I C  aclj us.lll:er,ts 

can be nlade $1 i i r ~ c  focussi tig. Ille f ine  f o c ~ ~ s s i n g  (1) rt?solution cnp3- 

b i l i l y  s h a l l  be 0.5 n ~ i c ~ o n s  over a range of 0.5 mil 1i;neter.s. ?he arqgu- 

l a r  coverage shal 1 l x  extended beyond the 2-1/4 indl squarc ilrlnge coverngc 

f o r  displayillg auxi l i  313. imagcl-y sudi  1 7 ~  s t ep  ~{cclgcs, f iclucials, e t c ,  , 
f o r  whicll the prcvi ous 1 y spcc i f i  cd pel-formace pararr:>tcrs aye 110 t rcqui  red. 

'file exact magnification r a t ios  employed sllnll be calibrated ant1 s ~ ~ c c i f i e d  

t o  0 .I per cent on the ~nagnif icat ion zllanging control.  A l l  lens elcmcnts 

s h a l l  be n ~ u n t e d  in accordance rii.tIr bcst  pract ices ,  Each lens bar re l  

o r  c e l l  sha l l  be permanently suld legibly marled 1iitl-r tlxe exact focal 

length of t'iiclens it contains t o  the nearest inicroll, A l l  esposetl f i r s t  

surface mirrors s h a l l  be protected by a coating v~llicll s h a l l  pi-ovidc 111axi- 

mum r e f l ec t i  v i ty  over the wavelengths spec.ificd, The f la tness  shnl-1 1)e 

as required t o  llieet Ishc overa l l  specified resolution 1*equirement mcl 

s h a l l  be of su f f i c i en t  tliichcrlcss, r e l a t ive  to the s i z e ,  so tha t  no degra- 

dation in perf ornuice 1\41 1 occur with respect t o  til:le and rea l  i g ~ t ~ ~ e n t  

adj ~s tmen t s .  F~ic?arls s h a l l  be proviclecl fo r  opt ica l  aliglnlcnt of co~nl,letc 

asseinL)l ics  af t c r  rcplace!:lent, 



I auy,s U ~ ~ ~ C S S  the cool i 112 s)-s tern i s  i n  oixeration. The te:::;:crature 

r i s e  a t  any fi lm gale shd-1  not csccccl 2S°F abov:: an a)!d~ici~t  tcnlpera- 

tu re  of 90'1: itlh~11 the F4V is operated c;;;ntinuously a t  n1:~:itriurn 1)rjgl:t- 

ness f o r  4 haul-s v:i.tl~ vni£olmP)r exposed f i  111s having 2 clc-lrsity of 1. G ,  

clanpzd a t  each Fi l~n gate.  If the cooling system m~dule  is clesiy~ed 

with t h e  b1o:icr w i t  a s  an auxi l ia ly ,  remotely located package, it sha3.l 

be provided v:i t l l  c a~ tc rs  and appl-opria'i:~' f lcx ib le  d u c t i 1 1 ~  t o  permit i t s  

usage i n  a G foot radius around the l7Jr\l. Thcn,13static control s h a l l  

be provided i.n each lasir, h o ~ s i n g  s o  tha t  bl07i;cr o r  fan opcratirm. is con- 

t inued,  after the lamp is turned o f f ,  so  tha t  rcsiclual l ~ c a t  in  the lamp 

housings will be dissipated. 

7.3.4.13 -- Imaqe Ilccording - Sub -systc:n -- 

'Ille image recording sub- sys tern module s h a l l  lze intei;ratcd into 

the disp1:~y and control syr;tcm module s o  as t o  u t i l i z e  the s m ~  precis io~l  

s l i d e  r a i l s  of the pi.ojection'screcn. \\hen positioned i n t o  the olitic:il 

path, t l ~ c  recording e:nulsion surface slrnll occripy the  exact sane plane  

prcviously occupiccl by tkc cliffusc coating of the  project ion sercert so 

t h a t  the S U J > C - ~ ~ J I I ~ ~ S C ~  i:ncigcl-y sllal l bc rccortlcd .rii t h  c; ini~~nrn~ l o s s  o f  <!a- 

t a j  1 . 'l'1)c ~ua>: i i l~~ in i  a l l  o.i7al)le <I(:g~-nclatio;~ of r e r ; o i~~ i i on  s11:rll bc 10 pe r  
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o r  c:{-~Scct(: ];:.ji;i~jj; c-i..!:,) tl*2.][s??!j;-<. :.:;>A ?..i .!::I f.! ; ~ j - ~ z t : : j ~  i:)<! , . i::.i:.,: : j  j..; i!:; c s  \ ~ ~ l j . ~ ~ l  

s h a l l  !,e as ~i.l:ij?l.(> a:; 120.:;~ i .51~ , corn i st(:n.t !.iil:l~ t!lc s~~oci~f lci l  rcy1 r!.~-ci.~critr;. 

l:il~n 1.15.d-th sha.1:l lic 9 I / ? ,  inches \.-icle nncl c :~v ;? '~ i l i ty  -COT" ?I!9 f e e t  of so11 

I 1 1 1  1 - 0 . 1  8 x I0 cut: f i l ~  can ;1I SC) ?>c: I.~T,c!! 7:i; t h e  C ~ X I I S C :  

of cl j.ppinjg oi;e c?;l jyc! c, l-' t??e hrts ic sq;~a-rc f on:~a.t,  !'r~ci~<.r?i: v e r t  j.cal sl i.de 

r a i l s  shn3.l be provj.!-ic;-1 to l?crmi.t otrer'i~y: a q T  9 1 / 2  i.n& ~ortj.011 of t f ~ c  

vie!~jns area wit11 tllc i:wige recor~':.in,: mocltile. "?~e:i IIS~II:: 1-01 I . f i I ; ~ l ~  t h e  

fill11 tr:msport., f i lm r lw t ' t c~? in l  and exTo.si.11:; s h a l l  a l l  1 1 ~  aut~lnaticaP1.v 

acco;:~~lisl~c:cl. -A f i l ! n  cutter s h a l l  l:e I ~ . l i l t  i.ilto tho c : i ~ ~ n s ~ d  Film 5;3001 

holder so t l l a t  any r l i .~ i~e i l  ~~I:I~:III!: of tc.11:: ex~)osc:d -Fil l11 cnri h c  -rc!~~ovc?i! ;;1.nc! 

proccs scd ~;litllout expos in? and. nroccss i n 2  l!~c ent i ve f i l*.; sunn? y . ''?rcn 

using, c ~ ~ t  o r  sllcet T i1  n holc1el~s , t?le exc)o.slll-e shaS 1 Sc r.!;-inr~::l?y jlnnle - 

~ ~ ~ ~ i l t c c l .  Es?osure sha l l  bc control  l ed by a tilncr v:ith t h e  t i n e  scttinc: 

clctcrminerl by p?lotoi?!etc~ rcxlin;;s of t h c  s p e c i f i c  arcxy O F  i n t e r e s t .  Yle 

ncncr;ll con$ i.,n?lr;itiozr s h a l l  bc cop-~t i l - ) lc  I:.? t!r t h e  fons out1 i.ned i n  i' 

ell-a~ving RG- 321-31 . 
7.3.4.9 Sts-irctural .--...--- S u p p r t  Sub-systcm 

?he s t r u c t u r a l  support  sub-systcm s l la l l  provide a l i g h t  tight: 

housing f o r  t.he i l l tb rn j~~a t ion  and pro jec t ion  ri~d:ll e s  as  we1 1 '2s s t ruc tusa l  

support  f o r  a l l  t h c  previously spec i f  i c d  sub -systcils. f Iingcd access 

cfoors o r  rc~:~oval)le p m c l s  sli,dl be provided f o r ,  ecmy access for  main- 

tcncmce put-poscs. ,171~ I'!Wts e x t e r i o r  sha'll  l)c f r c c   fro!:^ p r n t n d i n g  pas t s  

o r  sllarp cdgcs ~%~lricli mny cause i ~ ~ j i ~ ~ y  t o  ol;cratirlg personnel o r  wllich 



sji;ll. 1. ?)c! l ; j l j l - j  c;; f (;(I cjf 1~:; t:jl i$>  i-<:;L :;!!::.: 1 ~ . ~ ; ~ ~ , ~ j ~ ~ ~ ; l ~ < : ? . ~ ~  i iLj.!i<:;tj (:<I. : : j ~ r J  f'~.<::b 

of j.lrl:e?-jlnj ctri.syc:r.. sc) t j ) r t t  the I-)Ic;C:;(: 2.1 j : S ; . : I , . ~ : :  o?,t:;:.ilc~:i i.i.i?. n o t  

, - be affectcd by rel i~~=~'Lio:l 01' 103~1 cal-xying c le~1e1-1 ts , 1122 s t r~rcturrr l  

clcsi.gn s1lal.l cillpllasi.:;c thc c r  i.te3:i.a of s t i f  f~;cs s and ~rti.njr:!usll dc Electi 011 

' o r  elangatj.on rat,ll-I: than s t r e s s .  The str~ict~arzil .  supj3or:. sf1311 1,c pro- 

vided \\!it11 appropriate ~c tb lxr  t i r e d  ca~sters  fo r  p-r.l:al)j.li."c). tu-id r\ri.th 

levelii-ig j acks f o r  i.ns t a l  lrrtio:~, Sllock ~i~vtlnts wi'l-.I) rclati.vel.)l hj.gh 

clanping s l la l l  bc attadicd bcti\:ccn the j acks and the su.pp3r-h s"iructure. 

l'he precis  ion mcl projection opt ics  sub -sys:-c::~ s l ~ a l l  be 

interfaced on to t l lc i r  indiviclual s t r u c t ~ ~ r a l  suj3port rhtcll s h a l l  be 

secured to  tlle nt:~in strrrcltul.al support with rcl,zt.i\rely so f t  v i l~ ra t ion  

i so la tors .  Light l ~ n f f  1 ing be tween the prct jection sys t-em su11por.t a~id  

the ]nail1 support s t ruc ture  sha l l  be acco:npl ished throug?~ the use of 

f l ex ib le  non --vibration conducting p l a s t i c  foam materi a l  . ?'he llousing 

o r  enclosure s h a l l  be painted dul l  black on the inside to  reduce in ter -  

na l  1 i g l ~ t  re f lec t ions .  

7 4.1 kspons j .b i l i ty  fo r  Inspect - ion 

Unless ot11en:rise specif ied i n  the contract o r  pu~xh:se ortler, the 

contractbr s l la l l  be rcsponsi1)l.c f o r  the pcrfonxancc of a l l  Quality Assuf- 

ance provisions as spec i f j  ed I l e r e ~ l .  IJnlzss othen~rise sl-lecif ied,  tile 

contractor may u t i l  j. ze h is  own f a c i l i t i c s  o r  any comxnercial lnboratoly 

acceptable to NA%I to  conduct the t e s t s  , 

7.4 .2 :>Izci~arlicaf a11c1 1 3  ectl-j cnl I~~~;>cc" i io t~s  _--_ _---I-_I_L-__X_XII---III-̂- - 

'I3e P;\W sl) a l l  be carcf i~l  ly cxrrlni ilr.il t o  t lctcm~i nc coir~pl i a:ice wi tli 



dcfccts , or  a~jr o r l ~ c r  iiripcl-fecti 011s "i1:t.i: ~ifotild J-csul t i in  s-c j e c t i ~ i l  of 

~ u l i  ts. All  ~:nvli:g p a r t s  a ~ c l  c a l t ~ o l  s sliiril 1x2 v i sua l l y  ox:~~ninecl t o  assure 

tha t  they operate i r ce ty  v:il;l~ant st icki rig o r  binrling, t1lr.t they arc e3s i ly  

ident i f ied  w c l  tlu t 110 ; contm l elcmen-l- car1 bc j n,7~dverkn?l y acixuatcd. 

?llc l'i?RT sllall. I>e esani ncti fo r  adequate opcratiun , mai~ltcnancc and safety 

i n s t ~ ~ l c t i o i l  p l a t e s ,  f i- l~n loading nnd tlircnding d i a g r a n ~ ~ s j i e c i a l  ins tn~cl io i l s  

7 9 . 3  - Acccp imcc l'csf s - 
Acceptance "ccs ts shall. be acconlplislicd i n  accordalee with the  ap - 

proved t e s t  plan. lhe NASA tcclmicd. l  ~nani tor  s h a l l  be advisctl a t  l cas t  

txro ~ e c l i s  pr ior  t o  s t a r t i n g  the t e s t s  so that  a represeritati.ve may he 

designated to  liitrless o r  supenrisc tile t e s t s  1ihc11 so  desircd. Tile ac- 

ceptmcc t e s t s  s h a l l  be c l a s s i f i ed  as those t e s t s  required to  detcnnine 

cyl:~~pl.iance ~ c i t h  the specif ied performailcc requirexentq. ?'he Contrncto~- 

s h a l l  funlisll all.  equipment and sha l l  be r e s p n s  ib l e  f o r  accompl ishinf: 

the acceptance t c s t s .  A l l  k l s p e c t i o ~ ~  ,and t e s t ing  sllall  be st~I'ojcct t o  

approval alcl su~ l rc  i l l  ancc by the NASII. 'llie P$lV s h a l l  be operated long 

enough t o  pcn!~it  tllc equip:nalt tclnperaturc t o  s t  ab i l  ize ,  

17lc tcs t  plan sllall  1)e prcparcd and silbliiittccl t o  ;4,2511 s ix ty  days 

p r io r  to  s t a r t i n g  tile t c s t s  , Ill2 t e s t  pl an s11:rll incl\iclc 1)u t  ]lot 1)e 

1 i~!:i tcd  t o  tilt fob I oxiltg 4 es ts : 



. -.' a t  t h e  3X cmil tl:c GX !;I~I;;:I:I I:~.ca'r:io:!s i:o vexmj.fy c:or:tpl i;inc.e 'a c r t t  ainj.r:g 

t]lc: reqL~irl-:>2llt of 100 I. i~.je:; pc!r n;il l inctcr I'~?so?L~'c~.oII fo1- t11c s~~r)el--  

irilpgscd hiage, 'Ihe 4X ~hritlc f i e l d  mngnificr o r  t l ~ c  2X Lo lI.1 zoo21 b i~ loc-  

u1 . a~  microsco-pi: shal l -  be w e d  f o r  nidcd 1-eaclj~ng of t h e  rcx:l.l'tti.on tar -  

gets .  'Ihe iclenticAl reso lu t ion  target an-zy,  a t  each pi-o:;kctio~~ gate ,  

shall cons i s t  of nine (9) s ta~ldarr l  IJS.41: I s r g e t s  htlvirz a1 l e a s t  128 

7.4.4.2 I l lumination Tcst  - -- ------- 

Each i l~lui ,~i_l~atiori  sub-sys tern of the  PFW sllall he  tes-t.ed f o r  con- 

formance t o  tllc open gate  l~r igl i tncss  rcqu i re jwnt  o f  600 f: r j t  -lanil)crts 

ant1 f o r  campliru~ce t o  tfic scquireme.nt f o r  ua i f  orfi~ity of i l lumination of 

+ 10 per cent.. 

7 -4 .4 .3  Telnperature IGse Test ------ -- -- 

A tanl>crat~ure r i s e  t e s t  s l ln l l  be si~ilultancously pe~fonned on a1 I 

four  il lunillation sub- sys tcl~ls t o  determine con~~ l i a r l cc  r q i t i l  t he  require  - 
I 

mcnt of  25'1' m a s h t u n  tei:ilxratur'e r i s e  a t  the fi lm ga t c ,  a t  the  maxinnm 

I 
I brightness ,  with f i lms havj ng unifomXy exposed densities o f  1. G , f o r  

a pcrj-od of four  (4)  ho~srs .  

7.4.4.4 Audio Soisc  'Test ------ 

An audio no ise  t e s t  s11:il.I be perfo~i-ilecl sj ?:;ill Ca11cott~1)r with the  

tcjnpera turc  r i s e  t c s  l t o  ve r i  fy con fo~iii,~i-!cc i v i  t l i  tilc ~.cq rircl:cnt of 
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i 7 I .:r: jj;\pif ~ i l : i ]  j. i,.n (-j;-?;:~':i i::yj 3 rrijg;~il;i:;t of ].Oil ~ID~J~"..;: --;;oi. t o  con- - - -  

duct in:; the accr.;~tajlcc tes ts  . 'l?ie csscnf:j.al d z t a  r711d c:::rracteri.s t i c s  

of tlie vril-j-cxL~; sub -sys t:c;mr; s1inl.l bc recorctzd daril.lg t h i s  1117;'- ~ c c e p t a l ~ c e  

t e s t  ]-!!lase t o  assure satisl-'actory ccpil:i;lcnt ojtzration :i:i accordance 

\\lith requ.il-e,,~e~~ts of Szc'ciorl 7 $ 3  of t3li.s sp~cri.ficrr"iloi1. A ~nai 11l:rz in-  

a b i l i t y  d e r i ~ o n ~ t r a t i o ~ ~  slirzl-1 l ~ e  pcrfox'iilcd to vcrify con,'cni~:~rcc w i t l l  the 

ILSll'R requi rei~ien'c ol' 30 minut t :~  . 

75.1 General --- 
Tile PXV sl ia l l  be prescrvcd, packaged, pacl<cd and marked Tor the 

leve l  of sIij.pm:~l-t spcciCied i n  the contract o r  t h e  purchase order. 

7 ..!i.2A:cn ---L- i nys  , 

bk td  caps o r  plugs s l la l l  be used t o  cover a l l  openii-rgs ;and t o  

prevellt d i r t ,  dust , o r  metal pa r t i c l e s  from entering 'the PFIV. 

7 3 . 3  Fiarking --- 
Each packagc s h a l l  be durably and legibly adclressed, as spcci-  

f i ed  i n  the purchase order. 1.Iarkings s h a l l  not be da~naged when the 

packages a re  ol>encd. I 

7.6.1 l ~ ~ i : ; i ~ l e e r i ~ ~ g  11:jta ------.."- 

' h e  rccjuircr:~~.srts; f'or eilglnecring da ta  ~ < ~ i l l  bc sliecifiecl on the: 



t cd ln i ca l  ji:o:litor 511311 c o ~ a ~ t i t u L c  the dcsign frcczc,  Z i t ~ l . ~ d ~ d  wi th  

thc  design cu~alysis wport s h a l l  ba a f u l l  s ca l e  irsclnl;, of the display 

and control  sub-systcin ia~dille. A l l  design dctnjl-s t h a t  will bc u t i l i z e d  

i n  the fabr ica t ion  of tile P:\hr sliaJ.1 be itemi zccl. Conclusions for the 

des igr  dcf init iorl  s h a l l  be tlloroughly su1)s tan t ia tcd .  

7 .6 .3  Precedence of Ibr~a~ictnts --- 

1b'hen tllc rcy~ij.l-i:cnts of the contract ,  *illis speci  f  j cation,  o r  ap- 

p l  i c a l ~ l e  s u b s i d i a ~ y  spec i f ica t ions  a re  i n  con f l i c t  , the  follov~ing p re  - 

ccdence s h a l l  apply : 

7,  6 .3;1 Contract --.- 

Tl~e contract  s h a l l  llave preccctence over a197 specif icat ion.  

7 .  6 . 3 . 2  This Specif icat ion - 
This s p e c i f i c a t i a ~  s h a l l  ]lave precedence over a l l  applicable sub- 

s i d i a r y  spec i f ica t ions .  Any deviation f r an ' t l l i s  spec i f ica t ion ,  o r  from 

subsidj  ary specif  icntj ons ruhere applicable,  shnl l bc specifically apjlroved 

i n  wr i t ing  by NASA. 

7 ,  6.3.3 Drn1:rings 
-w- 

'he drc?wing (s) 1-e !-ere~~ccil i n  pamgrapli 7 . 2 .  2 11:ivc nrecetlcl~ce ove-t. 
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/ ,6. 3.4 RcIercl-rcccl Sj ,c.ci ficrrZinnr-; __-- ___--__. -_- .̂  _--l*-l 

Any referc.jlc.cil speci f icntion s h a l l  liavc ~srcccdc~lce over a l l  :rp-  

7 ,G. 4 Perfoln~arlce OI,j ect  ives ---- -- -.- .---- 

Si.niplicity o f  operation, e x e  of maintenance ajlcl nn i:riprovcmcnt 

in the perfol-liza~zce and r e l i & i . l i t y  of the spec i f i c  f~u le t in j~s  beyond the 

recp~iremcnts of t11i.s specifica'c:ii;n, shn l l  be cons iclerccl i n  die faljrica- 

t i on  of the P>IV. 1;Tilcre it appears a substnnti.al. improvement i n  si1np1.i- 

c i t y  of clcsign, pesfonnmcc, ease of mnintcila~lce o r  reliabi1ft)r  will 

r e s u l t  fro111 tllc use of 1na.teria1.s~ parts  azd processes other  than those 

specified i n  t h i s  specif icat ion,  it i s  desired tha t  t l lc i r  use bc inves- 

t iga ted .  \\'hen inves ti.gati.011 slioi,rs advantages can be real ized,  a requcs t 

f o r  approval s h a l l  bc s ~ ~ h n i . t t e d  t o  I+lSA f o r  consideration. Ea.cll request 

s h a l l  be supported by complete supporting information. 

7.6.5 I'rogrml Plan ---- 

'ill~ contractor s h a l l  prc1,al-e and submit t o  NASA :I program plan 

del incat  in2 the ~naj  or  tasks r c q u i ~ e d  to  f ~ i l  f i l l  the specified require- 

ments of the P3IV and t1:c ~nanncr i n  \ihic.ll tllcse tasks w i l l  be achicvecl. 

'111~ p l a i  sl lall  prcscnt a se r i e s  of rwrk phnscs, t'ie plznned acl ivi  t i e s  

fo r  each work pl~rrst: as spec i f ic  tictailcd ttisks ni ld tile rcsu l t s  expcctec? 

froin each tasl<. llic pl  an r j i l  l ~ l t  j i izc \*:or]; s d b ~ t l i l l  es , grn~)lls, f la: dia 

yra':~ and otllc:' s i i , : i lnr !!:cans t o  reduce llic arro~nl t  G!: vt:rbnl tlcscl-ilitive 



'7b*!j.l S~il;<:~:j.~!~::~ct: l ' l ; : : ~  ---- - -- - - - -. .- -- 

i\s part. of tlic p-i-c,gra:-n pl nn t l ~ c  co;l'crac";ol: s1la:i ],rapare n S L ~ ? I -  

contract  pJ-;lj.n ~l i ic .11 i.fir,luclcs the ~ncthod of pror:u-;eii:enti 121-ocurenent sdied- 

u1-e~  and procctlu:r.es by ~dlicll c o n t ~ o l  wi.11 be c?:crciscil aver the su1)conti-act 

e f fo r t .  

7 6.6 Final Ili-:::ol.-t ------ 
The f i n a l  1-eprt  sllal! bc s~ahuli ttecl o n ~  1non1.h zfecr delivcry of 

the lNV.  Tile f i n a l  report slla13. into:-karate a3 1 stat!rs r-cports and slid 1 

report a l l  the tec1lnic;al e f f o r t s  md adlievcmc~i-ts accc ,.-?li sllc.cl and aqr 



8.1 SCOPE 

8.1.1 Scojtc -- 

l'lris s lxc i f  ica t i  on clcs cril )es the accept ancc t e s t  znd cal ibrat ion 

requircc~cnts for a I'recis ion i. Iu l  tilxund Vievcr , I:crcina?"f c r  rererrcd to  

as I>?nr, The PPIV is to  l)c used f o r  the sc rec r t in~  and p;.ccision cmalysis 

of r;lultib?dlil photogsal;!lic knagcly obi-aj~led ~ \ l i lh  ~:lul tiband p]lotogrc?p:~ic 

systems t o  be useJ by tlrc NASA. The t e s t  program sha l l  bc designed to 

provide only the mini unan tcs ts ncccss ary ancl clupl i caticn of e f fo r t s  sha l l  

be  prevellted . llrc contractor s h a l l  iurrlish ,d 1 equil3ilcnt. mc1 t e s t  ma- 

t e r i a l  ,and sha l l  11e resp3nsibl-e f o r  acco~nplislling the accel3ta1lcc t c s t s .  

A l l  inspection and tes t ing  shill  be sr i l~jcct  to  the approval of the NASA 

07- i ts duly a~itllosizccl representative, 

8.1. 2 I'lncc of Pcrforl;iancc, Jl~spection Accepta~lce --. ---------- ----- 

14le priinasy place of p e s f o l ~ ~ a l c c  f o r  acccptancc of the 1YIV \ t r i l l  

I>e the  cont rac tor ' s  f a c i l i t y  o r  ally corrrnercial lal,or;itor;.r accepta1)lc to  

NASA. Fill31 inspccti o:l 'and acccptancc o f  docii~i~entntion, such as tecll- 

rlical 1-cports and lxogrrtln pl tars, sha l l  l)e aca:aplisllcd a t  NASA 1,jr thc 

colltractirlg o f f i ce r  o r  his  rcpres entat ivc . 
8.1 . 3 Acccpta~~ce - Tcs t I'roi-c3tlurc r, 'J'es t PI 311 ------------ - 

'I'he acceptance t c s t  proccdurcs ,and t e s t  131 an shall be prcpar-ctl 

and si11)nlittetl t o  !yT,\SA f o r  ripprovnl, s ix ty  days pr ior  to  ~ " L r t j ~ l r ,  the 

tcs t s  , bnscct upon this sj>cci ficatiorl ancl I'rcl i ~ n i ~ r a r y  Snccifi cat foil 1:2-,321-S, 

I'rccision ; hlltjl)a~-d \'ie;:er ( 2  !)ece:i~!)cr 1969) . Ilxtn slicets s l ~ a l l  Tic pr.e- 



accordance I.::.. tll tlic f o l.l.~i.,:ii;:: gc11.c :-:il rcci:l.ircrlcn t:; : 

Accep trulcc: t c s  tiil!; slinl. l incl~tdc eliviron:nc~~tnl cq;osui:c:s , or 

coti~birlrti iorls of env j roi~,ne:lt a1 conditions of tcr111;2ratul.c: and l~ t r ln id j  ty , 

as o3e1-atinp, co~ld i t  ions f o r  t.he follo,.,ring levels  : 

8 1 , 3 ,  2 b l  i:)l,:lti fil l  l; ! j L L i ; ~ i ~ i * ~ ~ l ~ t  
Î---------- -.. -- 

Ihe  13;.N sllall ]lave been czl-jbratcd and ,digncd p r io r  to  conduc"llg 

the ,2cccl~ t rulce Tcs ts . 
8.1.3.3 Onera t jonal Canahi 1 i t~ 

--2 ------ ----I&.--.- L 

A11 p o s s i b l e  nol-ri~al iuld ab:lonnal operational. rilodes , procedures, 

and f~ulc t ions  sllall be applied t o  verifyl 'fool-proofncss" of clesi gn and 

t h a t  alqx-oprj a te  in t c r loc l s  2re pluvicled . 
8,1.3.4 'l'cst Fail~:r,:s ----- 

Acceptance 'Tcsts sl iall  bc perfomlet1 under s t r i c t  control of the 

de ta i l  ctl 'Tcs t I'roccclures , r\t'ilich s h a l l  l)c appl~vecl ly the  NASA o r  its 

duly au tilosized representative . Acl j tmcnt o r  rnanipt~lat ion of  any P:\W 

controls o r  harclrir:rrc j s  not pennit tcd cluring acceptance tes t ing  ullless 

it is normal t o  in-.service opcmtion,  lillcn a f a i l u r e  occurs, i t  s l i a l l  

bc rcportcd \iiith a11 pcrtirlent da ta  sucli 2s par t  Ilrunz and n~rn~l~cs,  spccif i c  

t e s t  being co~~duc~.ccI wlle11 f a i l i r l e  occul ).ed, condi l i o n s  at t ine  of f a i l  (ire, 

dcscr illtion of failure anti cause of P;tilurc, 'I?le (?cry ce of rctcs i ~ ~ C C C S ~ , : ~ I  y 

i n  evciit of Eai1rn-c shcrl P be 11~oj:osccI allJ siib!,ii t tc.d fo r  approval :m(l slini 1 



8 ,I .  3.  5 Kc:;>nj..t;s ('i ' lo:!i.fi.c:ttiio~~% 
--1---.-.--. "- -.-.--- -.--- ---------re 

rcp?i..~-s , 1:lodific:tt io~lr; o r  rcpl. ncemkilts :if t c r  cc:;nplction of-' 

tllc Acccpt r~icc  'I'cs t s  shal :L recluj r c  1-etcs t i ng  to  assure t1:c xccepta1,i.l i ty 

of the cil:lr~gc, The dugl-cc of r e t e s t  ncccssniy sha l l  1x2 proposed and 

submitted f o r  q ~ r ~ r o u a l .  

8.1..4 Test Sa!,-jcct- ' T r a i n i l ~ n  'l'csi: :C?tesinl 
-----A --------- L- --------- 

The t c s t  sub  jec t  s h a l l  be e~ :p~r i cnced  6 sllall 1lz1.e llnd s ~ t f f i c i c n t  

t r a i r ~ i n g  so tllat cvnluatjo:~ of the I'hfir's effec'rii-cness i n  terms OF slicctl, 

accuracy, co?;;)letcness o r  correct~lcss  , as defined fo r  tllcsc t e s t s ,  sl lall  

bc ol~tairlcd. Sugficient trainirlg time s h a l l  be providcd so t h a t  the t c s t  

subjec t  s h a l l  have been f xn i l i a r j  zeJ ~ : i t h  the I'IiV's controls and operation, 

the tcs  t objectives , routines and tes  t material .  The t e s t  material  sllal 1 

be clefillcd and recon~nendecl by the contractor alld sliall be npl)rorcd hy 

the NAS.4, o r  duly autllorized rcpTescntative, 90 d3ys p r io r  t.0 con&lct 

of tllc t e s t s .  I t  s l ~ n l l  incl.ude, 1)u.t: not be l i~ i l i tcd  to a d is tor t ion  grid 

m d  resolution ta rge t  array covering tllc 2 1/4" x 2 1./4" fonnat and inul- 

til~illld imay,es obtai nccl I))? various cvnera sys tens,  thc clrnrnctcrist icr; oC 

\\~ll.icli will bc sul)pli cd by the NASA. 

8, 2 l'l?i; -'l'l:Srr 1 3 K X j J  S IOYS 
___l_____l__-_--- - 

8.2.1 ~xarni~~~J-~h~-& I J F ~ ;  cc t ions  

13acIl ~ililcltllc of tlic I):>f\j sll:~I I lie cs:u;~incd carcrully to tlc tcnni 11:: 

acc\ll.-c?c>v of d ii:i~;1sion:; , tllrrt the 7c1 i n l  ajld \ V O ~ ^ I ~ ~ I ~ ~ ~ ~ ; I I I I I  I*CC\II i T C I ~ I L ' I I ~ S  



U . Grouilcling of  c lcc  lri cal s ~ t b  -:lsse~:ll)l i cs  2nd I > J L  'ulcs 

C . ! lax inctii: we i giIt cllcck 

1). I laxi~n~un l-to:,er cor)s~u:~ptiol-~ 

I?.  i lpproprizt~lless of narr-lerj a l s  2nd f inishes 

F ,  Corrosiori protection 

G. Operation of  maving 1vr t s  alcl colltrols 

11. Pl-oper itletltificntion of controls and parts  

I .  Naneplatcs and special  ins t r u z t i  ons 

J. Safety pl-ccautions 

I<. Operat ion alc1 maintennncc Ecaturcs 

L. Filiil loading and thl-cading d iagr 'm 

8 . 2 . 2  0pcr:ltjng Ti11c 

'l'llc P2biiT s l ~ a l l  bc operated a miniman of 60 Iiours p r io r  to  conc!uc'cing 

regular operatio:l rulcl ~n;rnipulatioil of a l l  co~i t ro ls  'and f~inct ions.  

8 .  2.3  Opcratio~lnl 'Tests -------- 
Prior t o  con~luctj.ng au)r of t he  operat-ion& acccptallcc tcs ts , as 

o;ni sL; ion:; 01. i r ~ - c ~ r l l  a r i  t i c s .  

S J 4  



. ' 8, 2 .! J*'i.] 1:;~ 1 :??;(I '/'y;q;;;r;; :" ,: J : j?i  ( i .?).f..:lt- i ( ' , ~ )  - .--,- -.... -..- - . . . - .-. - ..,.-- . "  

'Jsj).~: fj.lt(:r: ~ ] j ; ; - i l  [C,:;TC>~~ ::J;~I c:?.!il~;-.;~~j.~~J a I Y - ~ : - % - -  . l.?: tc c:c~!x~~.~ctj.?~q 

tj1c op<:r~itioi:al ; ~ c : c c ~  t 3 l - 1 ~ ~  tests  Sc) VCY~.~;;? tha t  t l ~  ir t:>~ii:innnt \.;avc - 

lcrigtiis , alominnl cllrci!!~nti.cil:y coonli~tntcs , I I O I ; \ ~ . I ~ ~ ~ .  l~;m; ' ! i : !~~ anti peal; 

transr;~i.ssions a re  111 ;~CCOTC~;:;IC~ vii.tl: tlic? specj.-fied parri~ijcters of cacl.1 

b:md. 'lhc t e s t  2nd c,il.ibration sha l l  be recortled on dzta shcets pre-  

pared as part of tlie ;"\l'I'. 

S .  2 .5  19-0 jcct ion Lclls Cr i l ibra t io~~ --------------- .----- - 

'ihe prel  i~iljil:lry cal j.bXa-i-ion da ta ,  uscd fo r  sc1oc-l-j ng rind n;atclling 

the four lcnses of the P>nT, sl lall  bc verj.fied 1))~ calibr:! tion tcs ts of  

each of the four  lcrlscs as ins t :~ l led  i n  the PIW. 'Ihcse cal ibrat ions shal l  

be p e r f o ~ ~ ~ t c d  ri~ith a l3recisel y cal-ibrated mas tel- grid having a 2 1 /4" X 

2 1/4" f onnat , a t  tach of the projection lnagn-if icat-ions . 'flie zoom micro - 

scope of the P?>W 1'1c2)' be uscd fo r  rne,xsurc;~;cnts, o r  a11 external ~:~icroscope 

with r e t i c l e  o r  f i l a r  eyepiece, ctc. ,  may be usetl. Data slleets s h a l l  be 

p,sovj.clccl rilli.cii can 1-ecord the spec i f i c  mcasure~:!~nt of each gr id  p i n t  

from i t s  ilomii~al posit ion and the directiorl s i g n .  

8 .2 .6  i ~ l c a s u ~ . i ~ i ~ a n d  --.- 'l'es t C ~ 2 : 1 1 e l l t  --- C n l  j bra t ion -- 
All rileasurirrg alcl t e s t  cquj pi:~cnt s l la l l  1)e inspecteci pr ior  to  ~ ~ s a g ~  

to  assure tha t  they are i n  13r017er r~orking order and that  they 1i:~vc ]lac1 

t h e i r  accuracy . and pcr fo l~ i~mce vel-if ied by the Coll t r~~ctor  ' s ?~l;ll.i.ty Con- 

t r o l  o r  Cal i l~ra t ion  lkpxrtmcnt. lllc tcs t. ins tmncnt s used, ailcl t l ~ c i  r 

last cali1)ration da te ,  shall. be recorded on thc app~opr i a t c  tiatn sheet. 

f o r  c:1c11 t e s t  , 



natctl t o  wi iile:;s o r  s u p c n ~ i  S L ~  the  ter; ts . 
8.3.2 Pcrfonlallc? C r i t c r j  f: .- -l__l_-l__-I.. 

T?lc ;lccc;~ tanc:e t c s t s  sli:all i l~clui;c but  l i n t  be limi.1-ct i  t o  the -17111- 

owj11g t cs ts f o r  cor~;~lial icc i i i t l l  tilo spccif ie i l  rccjiiireroilts of Spocj f i c a -  

t i o n  I<G -321-S: 

8.3.2.1 1 y i l 1 1 l  Trzll~porL and Fills 1:oota~c C o ~ i n t i n ~  

8. 3.2.2 I l l t u n j  nxtiol-, 3r igiltncss , IJniforn~it)r mcl F i l t e r i n g  

8.3.2.3 i l ispl  q s  alcl Cnntrols 

8.3.2.4 Regis t r n t i o n  :ulcl Resol~t t ion 

8.3.2.5 I~;~agz Reco rclirlg 

6.3.2.6 'i'c~ii.porature Risc 

0.3.2.7 ,\uclio Xoise 

8.3.2.8 Ilcl i a b i l  i t y  mcl Fh in t a ina l~ i l  i t y  

8.4 'I'cst Ir,ll~lcr,!zntation PI an 
______-_-f _--- .. 

A de t a i l  ccl  t c s  t ia~pleincntatioi~ p l a ~ l  and scllcd~ile s l ln l l  be pxpa rcd  

deli i lcating tllc seqtleilcc of acccptmcc testin: ~ i i t h  realistic s t a r t  and 

col.iplotioii dntcs  . Sigii i i icsi l t  inilcs t o ~ i c s  s h a l l  1)c 1iig;illi j;ll'~cd i n  t h i s  

p lan  ;u~ci tile nrccssnry t e s t  cquiplisnt aid n a t e r i n l  rcquircd f o r  ench t e s t  

s l la l l  be indicated. 'l'lle scqucncc oi- t e s t s  t o  be ))erforr;cd docs not  ncc- 

essnr i  1;. Imve t o  Eollo:: t h a t  o f  p:lrq:rapll S . 3 . 2 ,  b11t sho t~ ld  hnve !,one 

sjiecj r ic  r n t j  ol1.11~ ; ~ n d  lo<:ic for 1~10s t cffcct  ivc j:;,j)l c.-,elit:i: ion of  t!,.~ 

I)l"\nr's ; i c c ~ p t a ~ ~ c c ~  tcs t j  in;;. 



s o  ''chat ;:l~l tlic tcs I: d:r"ia is  c;LI;~. 1-y ; ~ i . i ; i l y ~ ~ c l  :i~id j:i'vii'::~?~l h r  ~jnlplc: 

evalua-tion of tile ncce:;sar)r o21j cctj.ve:; . I':icll test rex~ 3 . t  sllal l 11c. 

i so ln tc t l  fra:,i tjle t)t.l)~~:r tcs"i13i'a t o  r i ~ j n  j~iiizc! ~c;iiiusrio:? ailtl j~ttnilit r e -  

peating any s i ~ c c i f i c  test  \iit1:out r c v i s i ~ ~ g  t?le en l i r e  *.cst rccorcl data 

sllec ts . \\'lis~-e clj f Cerc~lt t e s t  data is observed o r  rend bj? different  

t e s t e r s ,  t l ~ o  t e s t  data shall be averai;ed af tcr  e>-\azh tfs ter Ims t.aken 

rniultij>le readiilgs and averagecl h i s  o?>se~-\ratio:~s . .?,i-?jly d i s  crep t anc ics  

i n  t e s t  data s h a l l  be jus t i f i ed  t o  the K!iSil t c s t  represcntativc o r  tile 

particu1a-i- t e s t  i n  question shr~ll be repented. 



2:S1lti.s~!cc"Lrn?. pfic;tog;;.;!;l.))r rrsc:s scts of spzti:~l. ly ic1,::nlical plm-.. 

togra;?!).~, eac:!~ tL?I;c11 tl-i:i-~t!gl~ ri ~1if-Pcl:cn-t op ti CAI. f il tcs r:nd contain iiq; 

di.ff erent sq~ec- t rd .  infon~intion. 'I'o cc;~d)ine a r; e t  of r ! n 5  Lispeclrnl. f.il~!!s 

i n t o  a c.c,l.ui. dj.spla.y, it is cssc:ntj.i?l t?lat the con;pi\cnE il!~ages bc super- 

posed il l  prcxiso regi.slc-r. Provision fo r  regis ter ing ?;::I. images can 

be incorporatetl i.11 the config-~~rtltion o f  a ~~rdl_.tispectral cr?!i!sra, i n  the 

~ * 

design of a multispectral vi-ei%rer, o r  ill. v a ~ : i o ~  p1̂ OCeS:;lilg s teps  ~\rl.ticl-~ 

take p l  acc betxeen pllotography and vicviing . 
In the d isc~ls  sio:~s: ~diicll  fol.lo~s, a ~lulnl~er of a l t c ~ ~ ~ a t i \ r e  appmnches 

t o  reg is t ra t ion  are oxzmj.ned, a-11d. the advantages o f  prc-regis trat ion 

&;::I . J . ~ j ~ \ i ~ i ~ d  ?E-- tedmiqucs axe c-levely~ttd ~i clc'tail . Prac t ica l ,  s "La<(-!- t', 

regis t ra t ion  ii~tliocls a re  described, 

3.1.  2, lEGISTRK1'IO~LT 21QC:EC13ES 

The tilrpc basic  ways i n  ~diicli  ~ ~ ~ u l t i s p c c t r a l  f i l m  can bc registered 

a re  as iolloiis: 

A. ln!plici t: l l e g i s t e ~  In 'lhc ??JI t i s p e c t ~ a l  Carzra ----- --- 
k s  ign ---- 

A mul t i le~ls  camcra is clesigned s o  thr;t cach s e t  

of nlul t i spcc t r a l  i~ i l~gcs  is exposed i n  "rulitary" 

io~ in ,  con~bini~-tg on or~e sheet. o f  C i l l , l ,  a11 oC the 

inages \hidl  ~oi:lj3risc: the s e t ,  i l l  a. Iixcd gco- 

117et.rj ca l  arrnjljicment. Hy usinj; Lhis s ar,Ie spa- 

t i a l  arrancc,cl;ient i n  a vic;ccr, I l ~ c  1r r1 i t : 1 ,y  s h c c t  



I;. Iietri strati on In Prin:':l;.ng AL ---- -.- ----- ---- - -- 

I11 a s~s.tcil1 \y'Jlic,11 ~ I S C S  a cl.us tttr of sc;l)ai-.ate 

canel-as , ratllcr t l l ~ i l  o~zc intcgratccl IIILLI t-.isp~c- 

t r a l  camra ,  f:l:e scp,?r;i'iz ncgativcs car1 l)c reg- 

is t e ~ c d  r r ~ d l m i c a l l  y, bc1o1-c pos i t i v c s  ;ire 

prilitcd f o r  viewing. Vzd~a~Ec:nl r e g i s t ~ r  is 

a c c o q l  isllccl by rfiem.; of  a spzci.nl reg is te r  p~rnch, 

wl~ich punches t\m s~naf I. precisely spaced holcs 

along one edge of "die f i l m ,  ou t s ide  the format,; 

area. Ry rnenrls of appropri a"te r eg i s t e r  tec1111j C~UCS 

(describec! in Scctiorl 4) the fixed location of the 

ptuld~cd. llolcs w i t h  rcspect t o  the i~nagc i s  main- 

tained on a l l  of the negatives in  a given s e t ,  thus 

regis ter ing them with respect t o  one anotl~er.  The 

pre -regis tcrcd films can tllen he pos j.tioncd f o r  

pr int ing,  on reg i s t e r  bars,  so tha t  the 1101~s i n  

thc film engage pa i rs  of pins \*those dimc?ter 'mcl 

spacing are  prccisellr 1:1a tchetl t o  the punch. 

The set of  ~r,ecllmicx? l y  registered negatives c a l  be 

printed t o  y i e l d :  

a ,  IntJividu,-rl pos j t ives  1,;1; 111 pumcl~ecl r eg i s t e r  

holes , icllich will e l i g q c  s e t s  o f  p ~ c c i s i o n  

pills on t l ~ c  rilrn c;rl-ri c r  g l a 5 s  of ;., vicv~o.,  



spaciiii: .7.ifiC:"fi .tilt: co~!r;~oncilt pas i i  i ~ c s  5 r 

the s e t ,  to fit 3,gT f j x ~ d  sl>;iciag i:r7*221gc- 

me11 t j.11 a vi.e:vc~-, 

" ,OSUTC In t h i s  mcthoci, there  is no pxvvis ion cluring (-.:I 

airl pmcessj ng of thc films f o r  r.ey,is t ra t ion or. irldcsillg 

of any kind. Rcgj.s trat ion j s acco~~i~l~isllecl 11y ],-IS i t ioning 

the filln-; j.11 the vie~\rer and adjusting "c!~cr-l u ~ l t i l  coin- 

cide~lce is a C C O ~ I I ~ ~  isl~ccl. 

Only the two a l t e n ~ a t i v c s  of pre-rcgist ratioa in  pr int ing,  and 

regis trai-.i.cn i n  the vieiver , I end t h a ~ ~ e l v e s  f o r  cons ideration i n  the 

design of  nlalt ispcctral  vi.eviers l o r  general use, ~dlcre the avail  able 

f i l l 1 1  has been exp3scd i n  c l~ r s t e s s  of separatc cancmss. 

I t  is  j~~lportimt to note that i n  --- either o f  these two reg is t ra t ion  

schcriles , any scale dcscrepa~cics  r211~11g the i~ldixrid~ial p3s i t i  vcs nr~ls 2: 

be correc"ced before r c ~ i s t r a t i o n  cnn be attempted. Clearly, a11 attenipt 

t o  superlnsc "c;isro i ~,l:t$cs of cliPferci2t scale w i l l  be t i r c  con:-,tirnin~ a] id 

rc-rcgislr; i t ion s t c p  .i:ou? tl ohvi 01.1s 1 y l)c* s~c~uirccl,  



As described in. Seztj  on 4 ho-~\irc?~:-ev, i-l: i s  a rcl. a-Li.vel.>~ r; .i i;lplc m:~t t e ~  

~ t o  pro~ride the LLT CT o f pre- rej;is t.cred f i. 111;s \ \ ~ i t h  8.. :b~r:ln%.i.v~':iy ~ .T~cx-  

1 pensive device \irj.i;ii i;iliCJ~ IIC CLUI do h j . ~  o!:'~-l 13~e-%"c$;rj.~hi";ti:~.oll of  J..oose 

acconiplis!icd ef f ic ient ly  , once :aid f o r  a1 1, a t  e -.---.---....-.- 

cerltral. s'catior, and any n:u;d~er of 1xni.ta1-y jn-e-reg- 

i s te rcd  rel-ease positi\rc films ca11 be nacl:, r::ld dis- 

t r ibuted  to  use~,, who need sirnply inse r t  a m i t a r y  

posi t ive illto the  viever and move it in to  r eg i s t e r  

within a matter of seconds. 1'llis ari'angement z-voids 

the substant ial  to t a l  of wasted e f f o r t  wl~ic!~ \*:0111d 

be involved i f  the time consuming process of regis -  

ter ing a gj-ven s e t  of sepa-rate Ci l i r r s  were to bc re-  

peated by each ald ei7ez-y user, each 2nd cvely t h e  -------- --- 
h e  h3d :y:c:ic;jor to  exaninc 3 p2rticul a r  s e t .  ------ .- ---------------- 

B. Pre-rc?gistri;tj.on car] s i ,mli . f ica~~tl  y redrice tlie cost 

makc v i c \ ~ c r s  rnowe rearli l y  a v g l  :~l)le to 1)roadz-r- c1 asses 

of usca-s. A \ric!irer r ~ i t i l  fir1 1 ca;>:l)ility for z - c ~ ; ~ s  - 



,- . $-c;-,+jjl;! f(.,:lr 5 ~ ; 1 3 : ! j ~ : i f ; ; ;  1 J , ~ ~ T ;  ~ , ~ ~ ~ ~ : ~ - j ~ . p ~ ;  f - r t ! ~ ~  T j . ] q  : : t ; j < ~ ' - : :  c.::-~[::, \,!if-,!\ 

9.' ,,!]?'c!:: <;(%:, rt{; r3L-c;s ,,IO;:, ('[::- (-7 ;;;L; i ; t? ;  r c  ,,.), - j - , , l  , , 7 ,. :.,,. ,<:!*C : , : < ~ , . ~  >,: ;:.f.:; 1:1..::< 
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~il>:!~l;ir ~ : c > t : :  f:i~:i;) t o  cGllc~J' :L 1:; :~:i,c? ~ L I I I ; ; ~  o C :~c l~ j~ l~ i . ;~ ; : : ; -~  l,:.; * ? :!lc:~ 

pre- rc~,:i.s%crcd filins a re  il:;o<l , cxvct~l a nr-cci sioil v i  cl : i b . r .  liecrl 

o n l y  hr!vi? provis 5 o;-t for !ninor nc?:j:~r>t~:i,c!l."i..;t and n s ?:7~! j.ficr1, 1.m.. 

cos t  vi.c~eier can F\r-r~c-l:ion :,v'i?:!l 0113.y ;1 nldj!:1enfi3q'. c;:~j;ll.)il i - ty  :Frx  

aclj ?-IS ' r in~i : t  . 

occupancy ti.:ne c a n  be ilcvo te:! t o  t ? ~  clcsi ~ c ; !  enti-'use - - c~:n:nlnnti  on 

of n~~~ltj .s; :ectral  il.i.spln)rs - -  instc~.cl of t~cinn; l..!a~tt7<! or1 lenqtl~y 

rcg is  t c r  opcrat j  011s. 

1). I t  is o ~ l y  ~ d j ' c l l  " c ~ e  usc of !3re-re,qist-ercci fj.l.~?ls th.nt a vic:;lcr 

can providc thc ;ill - ix?port a n t  c ~ p : ~ h i l i . t y  _Tor rcasc\znhly ranid 

fr:11:1e-to-frru:1e co~~par isons  of 1vu1 tispect-l.:ll di s;?l ,?;.IS. I f a ; x ~ i . ~  

of displ:iys t o  be comnrc.cl arc: se?r~r:l'icd in ti.i?e ?)y t:!:e lcngtlqr 

peri  d rcqui-rcd f o r  re?,ist.eri.ng a s c t  of separate film:; ,  thc 

operator's visual recol  1ccti.on of the f i r s t  c2isnl;iy will. !)c 

seri.011~1 y i!:~pairecl 1)y t!le tinc 11c sccs t h c  s c c a ~ l  d is171 ?L'. 

l ' l~ougl~ thc two dis!?lr;ys cn?xld 1-~e co:nnarecl by !+loton~-n;>!li.nz t!lon 

mcl esn~liining the rer;ult:unt records,  t h i s  t\ly\e of co?mnri.son 

i.s f a r  I.css usef11l thml i t s  real- t ime,  on-screen cou~lf:crp,-irt, 

C Pi11 rc::j s trrltj~n cpn prov lclc t11c 5 nli cron ?culrncy ,-t>cy~i rc l~cnt  i T  

~ n n y l i  f'icsti 011 i s  provicle,l fo r  tile :ri e~:inn m c ?  ;I] i ( ; I I ~ I C T ; ~  o ; > r ~ n t i r , ; i .  ij 

111i1xi1 I ~ I I - t  of l q  x T~I:L;;II~ r i  (::~?j 0x1 wi1 1 z11rfi cc ; 11o ; :~vc~  20 ?: v i  7 1 ~ C C ? I I C ?  



1jJ.I- 131.(>]~1[11-~).[..1 {\:]. (1 < ]>>,c -2 f.*::j :.,.l.,..(i {<:)~, [ I t  <: j 11, j,;l-]:i (- j sy,<;<:k] :.:.! 

1 .  \rict!:c.j-s cu.1 ljc acccj;:i;,j-ii-;iic?J tjln,ua.:l> ', .ijlf:t u i ;~;  1 j - S  t.i:t:r i , t ; ~ ; , i . ~  'tc:.~.; ti).; r;L:;;.. , 

r n  Ijzcse are : 

A. A re~gistrzi-:i.c;n ])rill'tiilg .sys"ce;:l for. p roduc t io !~  

. . of ui~i-tary rclcase posl  t:lvcs, arrangc:cl i l r  a 

fonliat t o  mtc11 t h a t  of 'cl~c vicv~cr. 

13. A sirl~plc re::istrntion dcvice to  accon:p:my 

each v i ewr ,  so tha t  thc user can prc- gist-ci9 

s e t s  of separate posit ivcs ,  in tllosc cases ~cl;crc 

prc-rcgi stcrecl unitary posi t ives  a,-c not 2 1 ~ 8  il :iblc. 

The basic  e q ~ t i p n ~ n  t rec~u i red  for I)o"t1 of tkc: above tcc1inir;ues 

can bz readily assen~blcd, a t  rodest cos t  from con~mcrcinl l y  available 

registration conipa~,"l:ents, such as a re  widely tlseri in g r q l ~ i c  a r t s  color 

scparat ion worl;, and i1)7e t ransfer  pr int ing.  

9,;: f1.1 Pre-rej; istrstion Print jng Sys tc:?n 
-__̂__ll_l_--l---p-- - 

IIle recorni~cnded system f o r  pre -rc?gistr~"Licl-i printin:; of ~ m i t z q r  

posit ives uses two bas ic  equip!nent itenis : a precis  ion r cz i s  ter pinch, 

and a specj-al contact pr in t ing  glass  ccrztaining precision g ~ o u n d  p i r ~ s  

-r\ihose diz~neter alci spacing match tllose of the punch. 

Tile q>ei-xtions of prc-rcgis ter iug a s e t  of negntities atld print ing 

u n i t a r y  rclease posi t ives  froill iilc,n 3~ shorm scl\cri~,zi i c a l l y  jn Figrirc 1. 

('illou::h t!117 f j ;UTC s?m:s :l se 2. of .I-iirec piis j t i.\,c.s , "rl c tcclln j y c  j s ccjiinl l y 

c?1>plic;il~lc t u  sets  of four o r  n:?rc,) 
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St;l?t L ~ I ) ;  t ~ < l l  2 : , < L  0 1  t1> i* , *2 F C ~ ~ : ~ ~ ~ < C  ricX; z?lijtxl, ([<C:: 1 I < , I I I Y  J::] 

. , 7 C 

( f < : l l s  11); LC-  ; > j  1 1 : ~  t 1 3 a! :,! ," 1 5 1 2 " L i 8 c - i - *  

o:ie 0 T tIic ~~c:;,rii  : i . ~ .  

Ilsing a precis ion r c c i s t ~ r  p n d r  1;:3t~ll-t.cl 011 x l i r i l l -  t=ti~lc (as  

. . 
shor:n in Figure LC) ille I?ay,ltiter" C;~iidc l l o s ~ i r v c  is posi l  lc3nccl on t-hc 

l i g h t  tab le  rrnd sccurecl i n  place,  Each negative of  fhe  set ,  jn tu-ril, 

is regis  tcrccl t o  tll: Ikgi s t e r  G ~ ~ i c l c  I'osj t i ~ r e ,  and rcgi s l c ~ .  llolcs are 

pmclled along one s idc , Tlle use of ncgativc anci j l o s i t i ~  e i n  tlli s f a l l  - 

ion provides a c r i t ica l - ,  visual  indication of  reg is te r :  v.!len the jmnges 

coi11ci.de, a l l  brigilincss li fiererlces Pppezr s~;~octliJ.y c:~~~cellc:l,  witliout 

fringing. A low pm:cr micros c i q x ,  not shown i n  t31e j l l~s tr8t,ion, call 

be usecl t o  a id  jn reg is t ra t ion .  

The resul t ing s e t  of registered negatives is depicted in  Figure Id.  

For pr int ing of unita-qr posi t ives ,  thesc ne2atilrcs are rrnunted on a 

spec ia l  pi11 reg i s t e r  pr in t ing  glass i n  d l i c h  a r c  eid~eddcd thl-ce p a i r  

of r eg i s t e r  pins. (See Figure 9e. ) Each p a i r  of pins matclles the hole 

cliarneter and tllc spacing bch~cen  holes produced by the ptnlch. Tie 

spacing anc\ng the three pa i r s  of pins ( i . e . ,  the spacing m3ng the three 

filrns of tile s e t )  is arrangcd t o  rtlatcil t l ~  viewer fornlat. 

The f i n a l  uni tary posi t ivc is shown i n  Figure I f .  No regis te r  

llolcs are necessary i n  ~ulitar>. posi t ives  of t h i s  type, s ince the  fixed 

geonctriccd relationsllip arno:lg tllc tl-il-ce imagcs is suf-fj.cient t o  Fro- 

vide rapid r eg i s t e r  in the vier:cr. 

Tile required type of pin reg is te r  printer  glzss can be readi ly  

ot)ta.illcd froln c o n n ~ r c i a l  SOidrCCs  and cz11 bn usccl w i t l a  any ty;~? of f l g t -  

bed contact.-. printer. I t i s  b~ptportazt to  note tJ~nt,  hjV usittg di f rerc i l t  



vi-ext,r -Ir'ormcit des i.;jn i n  m y  ;.IC?Y . 

111 the i n t e r i ~ ~ ~  perj.oc1 before prt? -rc:;is tercd un.iT:c?.i-y pos iti.vcs 

v ~ i l . 1  Ilnve become ;~!id.cly avai.l.able, uscrs wil-I. Lse readily able t o  reg is te r  

ex is t ing  s e t s  of scpnrate posit ives , usi~zg a tec!l?lici!le very simi.l.al- t o  

tha t  anpl.oyec1 f o r  r eg i s t r a t io~z  printi.ng. After pre -rez,is tcred 120s i t i ves  

have cor;;e in to  gc1zera.l use, provisi.011 fo r  user  renistratiorl  a vri.11 sti.11 

be ~ ~ e c d e d  f o r  o c c ~ s i o n a l  s e t s  o f  separate p3si t ivcs .  

As sl~ol?.rl i n  Fi-gurc 2 ,  thc reconuncndcd ted-mi.q~re f o r  user  reg is -  

t r a t ion  s t a r t s  with a s e t  of three separate posi.tives (Figure 2a) fro21 

~illidl a r\c:gi.ster Qlide Negative is  made ( F i g ~ r c  2b) . 
lhe procedure f o r  ot>taj.ni.ng r eg i s t e r  (inclicated i~z Figurc 2c) is  

identical ~ \ r i t ! l  tlmt used in the pr in t ing  sys teln descr.ibcd prcviousl-y . 
'I'hc s e t  of punch-rcgistcl-ed p s i t  ives (Figurc 26) is morlutccl on 

a viewer c a r r i e r  glass  , ~ d l i c h  i s  providecl with rcgis t c r  p i ~ ~ s ,  properly 

spaced to the viewer fonnat. (See Figure 3c.) 

l o  in~pleiqcnt the  use of t h i s  method, each vie;:lcr ddsignccl fo r  

use with prc--registered filllls \;.auld i>c prcjvicied \$it11 t l ~ e  f o l l w i n g  ac- 

ccssori.es: a r c g i s l c r  p~mcli , a d  t-tvo o r  morc pin r eg i s t e r  g lass  car r ie rs .  

(Iiaving more thal orle cri1Tiel- avail ::hlc r;oul.tf E:icil it a t e  caj~i d fralile- 



Itegis t e r  l ' t l l l ~ i ~  1q 1 th 'rrarisl);?r~'~lt 
13nseplatc, S;la:in!; i:cgi s t e r  G t i i d e  
Kcl;;~t i 1.c I\I:):uit CCI  i r~ 1'1 RCC 





( ) * ' j  *;i' 1  st-<>:.-, : ' s k 7 ~ - > ; . { \ ' . . . . : ;  T.,) 7 f J  f , ; T ) ; , ) ! , /  I , : ; ,  ' , .  . .  .it,,; , 
- , - -...- .,.- ~, .<. ---..--- 

70i'~il s 100 foot  :I..ong 11egati.i.c f i l x  r o l l s .  Four of t1icz.c ri1.c intended 

f o r  usa;:e i n  tllc 1': P I j  h;lo I;odzk Pnn:~to;:ii C-X A e ~ i 3 1  f i b s  nnd t\ro 1;oild; 

Jnfrarctl Aero~rapllic f i l n s .  I t is a l so  c o n s i d e ~ d  tllct2tjlc o r j  gin31 

negatix~cs wi.1.l. no t  be used i n  the 1T.W and t%:lt: pos i iri.v!i tf?!~>cs lci.11 be --.--- --- 

prepared fo r  usage i.11 tile I'i'.I'V by tile ear th reso~~ri:e.s ussr agc11cj.e~ and 

Prinicpal. Invcs'cigators; . I t  is  a t  t h i s  ear ly  stage i n  tllc u t i l i  zation 

of the 1:1ul'iibcllld d3t3 ~ d ~ c r e i n  anticj.pation of future prol~lans m d  c f f o r t  

can provide ~ ,~c~ i : i :~n l  effect ive usefulness, 

9.1.5.2 Fj 1111 1lyq31 i c a c i s  

I t  is collsidered tha t  tlie o r ig ina l  negati.ves r i r i l l  1)e trcatetl l i k e  

"gold" and t h a t  j 11s t a 1 il~litetl n~unller of f i r s t  f;cneration posi tiires 

(''masters") will be made froin the or ig ina l  negrltives i2 order to preserve 

t h e i r  qua l i ty .  ~t is  also consicIerecI t ~ ~ n t  second gc ; l i !~~t io i l  l ? : ~ ~ i ~ . i ~ ~ ~  

w i l l  bc preparctf f r o m  the relatively f elv f i r s t  generation posi t jvc "mas - 

ters"  and t h a t  thcsc sccond gcncration pos i t i~ rcs  rcpsescnt thc Ilighest 

. -7 qual i ty  i11agel-y \irhich \&rill 11c uscd i l l  thc  I':.Iir, l~ lcse  ~econd gc11crcitio1-i 

posi t ives  \vi.ll undcrgo signi f i cant 21n11dl ing ant1 innnipu2 zi'cing ns tliey xrc 

uscil i l l  tlic P:IV sjnce almost cad1 set of fra:iics ~nusi  f i r s t  bc pi-cciscly 

registereti and sul;cr~~;~posccl in 01-dcr Eor effcctivct screc:ninc; rind precis ion 



. . x t  ~-~-~st;i.tul:c:s ?:I:: l ~ ~ - e - I > ~ ~ ~ ~ . s L r : : t i o ~ t  P l - jn tc~:  for p-cp:~~rj:.:: .,, Ihc f j . 1 1 ~  r o l l  

t o  be ~ l s cd  In  'I'.ilc l':.I\7, ?'lie 1'1-c - Regis t:ratj.on l'ri.:?tc-r -i,;:.::ld con.tcti.n a l l  

tile p rec i s  ;.oil ad j  ns tinc~lts and cnp;rbil j. ti.cs o f  t l ~  I';.N -i:.i.t?i r e s l x c t  t o  

t he  tral~slmr'iinl; ailcl reg is t r z t  ic:n ol: i:lle f j . 11~  fra!.12s . The 01) j e c t i vc  i s  

t o  scprocl~~cc the  i;ungesy of thc four  (4) 7 0 ~ ~ 1 1  >: 101) -Coat Ei1.i~ rol3.s 

on t o  one (1) 3 1./2" x ayproximai:cly 300 f o o t  f'i1.1:i roil wi-L1-r 31.1 Co:~r (4)  

frajiles of a spec:if'i.c a r c a  i!nzged i n  the  exac t ly  desired l.oc;.;tio~ls f o r  

a11toi:ia t i c  regj .s t ra t ion j.11 a s i ~ l p l e r  mu1.t i.band vi.c..icer. Si.11ce thcrc  a r e  

no spcc t s a l  E i  l t e r s  i1lvol.iret1, no n~ul tip1.c 111agn-i.f i c a  tioj:s , des ntura t ion ,  

e t c .  , thc Pre-I?c:;;isti.a.tioil I ' r intcr  is r;ignificnn.Lfy s i . rp lcr  t l ~ c i r i  the  l'>.fir 

and i ts  op t i ca l  projccti.on systeln can u t i l . i z e  a s ing le  l ens  v!i-l;h bcn!;~ 

spl i t t c r s  t o  e l i ~ n i n a t  c: d i f  f e ron t i  a1 di.s t o ~ t i o n  an6 focal  lcng th .  Tile 

output  of tllis Pre - I? ,eg i s t ra t io~~ Psi r~tz l - ,  the  9 1/2" \:iic!c f i lm r o l l  c.al 

tllen be u t i l .  izetf in 3 "Si~:~l>l .i Ficd" I'rccj s i on  IP,iltil)ril:d Yierl~cr. Figyrc 9 .3  

illustrates the l:lu,i l?in:;l'mi f o r  I.!,~ltil)witl Vicving fo r  110th t1.1~ rcgr~lal-  

corlcept and tlle pse -1-czis t~ation conccp t . 
9.1 .  5.4 Concl~ts i 0115 ;ind !:CCLT~ ;icnds t i :,;IT ------------- 

The pri:nary cf f o r t  of tllis study 113s 11ccn to  1:z co:n!~lcicly i -cspons i~~o  

to  tiic rcquira; ler~is o P 1 ~ i j j  l)i i ":I", Stnteiiient of  ;:'or]: i'or "17rccisj on ' l l l t i -  

c f  fort. \iraS av:ii.lnljle for ;)l 'cseilti~l~; tile ;!c!vmta;;=s o r ~.llc:  1)l-c- 1'i'::;;j.stl-at ioii 





scl-ccn f (17: X I I I I O ~ R ~  i i x ~  ! I ~ S  I)C!C';I s t ~ ~ i l i e i l  :ITXI i.s c ~ n s  ii'cr.cil "c l?c a secontl- 

ary obj  ccti.vc 01- pel-fon;l;:;lcc featur: , -rcl :rti:rc t o  t i l o  ~_~jr ,z~?=)r  ol):i e c t i vc  

o f  supc~ i l l yos i~ ig  rjtl:::: four  sl:cctrrrl j.~xigcs and of \rat-yj.r?: -the h l c  , i.11 t e n  - 

si.ty ant1 s ; i tu~nti .on of the rc-tskll t a r ~ t  j-rlaj;~. T t :  i s cvii!e;?% 4:!l,lL tl;c ~ L I ~ I C - -  

t i o n s  of scrceni~lrj; :tr~cl n r cc i s  j.on :ulaly r; j .r, o-f mul 'ti.!,al~tl .;?lo toqrtil?lii.c i1napc1-y 

s11o:ild ]lot bc mi.jii!nj zccl i.11 onlcl- t o  cnl~nricc the  overlay :311d a ~ ~ ~ ~ t : i t . i o ~ l  

f ~ ~ ~ n c t ~ . o n .  Tl~cl-e1o:orc , the co~lfic;ll~-a t i o n  dcf ined i.n 'i'?le srj~lclv utj.1 i z e s  

a 11earl.y vc r t j - ca l  1:ro:jec.tiol: screen f o r  con\rcni.necc i.n \riel:l-ing rnir l~er 

than a~lnot,? t ion .  I t  is Ccl. t t h a t  t.ra~1spnrcx-t overl:iy mtcrj.81 can l ~ e  

easily a f f i s c d  t o  t h i s  ~ i ro j cc t i o r l  screen and tlil-cct ail!:ot,?'i'.io~is c:ul be  

al>prol)ri.:ltely madc wi.th the  porous il)~lon ti.!?ped  larking pen o r  cqtriva- 

l e n t  . For thosc uscrs of the P'.Kr wit11 11cavy plwii1-IC~I-ic coiil~)i l i;i? 11ceds 

Section magnificat ion (conti n:~o:~sly val-ial)l e) js a l so  rlesired. T t  rcnclily 

bcconcs cvitlent t l i n t  an opti::~i zed overlay :uid n u ~ o l , : ~ t i ~ ; l  c:lnal)il i t y  ?or 

t h e  1'' f i r  \;.o~lld ii1i:~osc 01); cctioii:~l:l c (les 4 yn nxrrr1ictc!rs c,I-i.ln'r i ~ e  t o  t'ic n1.0- 

:is \ ,~c l l  a s  t!le clcct-~aiet? !it11it;i11 cnq inceri  ny  cl-i 1 eri a ;ul 1 ::on\rc~:ic~~cc i i7  

vict:ing r:.j th 1-esncc-i t o  Imrj z n ~ ? t , ; l  \ ~ C I - S I ~ S  v c r t j  c:ll v i  c:.inr: conf i c y ~ ~ . n t i  o:i$. 



9.2.2.1 J?elln t e  13;~~i_lltoc:r;;pl; !)?vice -- ------------ *-- 

St~u~d:usd lmltofi~-:~l-h ~i~eclicinisr~~s o f fe r  t l ; ~  ad~~rant,??.~ of rcmoting 

tlie alnotati.on sncl/or overlay mztcrial :is 1,rcIl as the ~~jta11i l i t ) r  f o r  

sca le  chai:gingr so thz t  the projection opt ics  a re  not cc;y~lica"led wit11 

uimecessaril y s trillgent rccluircments . 1 t rilo~1ld only l-12 ilccess ary fo r  

d lc  stylus, \dlicll is mccl~anically coupled to  the g.~ulota!:ion pen, t o  be 

located a t  tile project icrl screen. ~ l a l i j ~ u l a t i o n  of dlc s tylus  over t l ~ c  

pro jcctcd ii:ngcry \ioulcl t race  and def inc the sub j c c t  on tile arfiiotatiorl 

sheet  a t  tile desired sca le  fac tor .  

(3.2.2.2 Direct P l - o t t i l ~ ~  a t  Projeci-.j 011 ----- Screen 

A silnple open-loo;> analog S-Y Plottcl- c m  be il~zorporatcd over 

. tllc projection screen t o  f ac i l j - t a t c  rl~lllotntion on tllc nearly vcs t j  cal 

overlay sllcet. Instead of the  anal.)rst 11:iving t o  trace rind annotate on 

t o  tlie over1 :iy jin 311 ~u~comfortabl e "bl ncl<board" w-it irl,c: fasllioil, hc 

would ]:lei-cly have to actuate 3 2-axis jo)rsticl; control.  TIiis jo)vstick 

contl.01 coulcl bc con\-cllj cn t ly  loc:~ lctl on tlic \:or]; tnbl c for  easy o];'r:i- 

t ion  tilltl i i ;~j~le; , ie~l tat io~i ,  'Ilie 15" sclu:tre scr-ecil s i x  i s  cocq>ntSble r\ritll 

the s i z e  of rn;uIy of tlic stziclnscl p1o"ctcr.s. Ibr ]:lost cases, t1lc o~~erla)r 

could be sil!!l,ly C~.X~,!T, :~CC~ O i l  t O  t h ~  SCI.CCI1. \ ' : j l ~ ? l . ~  ?3'<f;iti?l' 2CClll'aC)' ;.s 
L 

rccpiretl, fl a t  tcili~ij; I.oi:Ilni.ci,~ri?s ci.ip1 o>.iilg: irncili.ml 01- \-raar!u:! 01. el eci:~-n- 



Ii] t k . 5  Ccisc 0iil>i tile i;t)'l:!s O S  3 :'et:ic1c, :IS rlC~il-i:il, ;>CCC!S t:O 1 1 ~  1.0- 

catcd a@ t .11~  TO j ?C t i ~ : j  SCI;CC;I wi.tIl 2 . t ~  p c ; i  t i 0 1 2  i . ~ ~ - f o ~ ? ' : ~ ~ .  t.r:1ns!lli'ct~d 

to  .t;!lc ~-c:;:!:~tcl y locai:ed plot-l:iil;; ;!~c,~itrIc v:i.n cl.osct1--loo!> .i;ai-/)o systei; ;~.  

1Iga.i.11 , 3c!]~i1cli1l;~ upoll tl.:c ncc:d..; ;mtl reo,ai.r-e::~.~~lts of the uscrs ; co\rera,?c, 

s c z l e  d i u ~ i ; i ~ i g ,  spced, nccu?:ac;. , 6:larac.tca.s xlii s)rl;i.l~~ Jiis 1'0 1)e n~lilol:atecl, 

sto~:agc, intcrfacc -\:it11 con~pa'cer clatz, c t c .  , can al3. lie acce:irjl.isl~cd 

~ v j . t l ~ i ~ ~  tllc natlul.ar 01: 11aiI.tli.ng blocl: f'r:!c~cworl;. 1hrcnt~ial. ly , aii-Coil;aticsn 

a1.d int-.crfncc lirj.t!l d igi tLi l  data. processing sys tcl-1s \.:ill t:c: required of 

t i c  1 ' .  I:\reiltunl.ly, ~ i i e n s l ~ r ~ t i o n  cal-);rbilil-ics \(:.ill 112 r c q ~ ~ i r e d  a:d rn.- 

pic1 corscl-ation and rct~luctio!~ of t!lc r!nlltj.?~xilcl data ~.:il.l he essential. 

1 Iortever , si.nce the scope o f the present P?.W, a5 clef i11eci 1)). the 

li'o~li S t  a"i.c~~;znt , is the s crecni~lg a~ld 171-cci s ion malys i s  o F mu1 t.ib;u~d 

pho tog]-ap3ic i~;;agcry, this ovcrl. ;iy and a u l o t a t i . ~ : ~  ca13nbil.ity i s  ;nos t 


